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1.0 INTRODUCTION

The report contains the proposal for an expedited response action (ERA)
for the remediation of carbon tetrachloride contamination in the unsaturated
soils beneath the 200 West Area of the Hanford Site (Figure 1). It provides
the U.S. Environmental Protection Agency (EPA) and the Washington State
Department of Ecology (Ecology) with information regarding the need for the
ERA and an evaluation of alternatives to reduce the mobility, toxicity, and/or
volume of the carbon tetrachloride in the unsaturated soils. This report is
intended to aid the EPA and Ecology in selecting a preferred alternative for
implementing the ERA. This proposal does not address remediation of carbon
tetrachloride in the ground water underlying the 200 West Area; nor is the
radioactive waste mixed with the carbon tetrachloride in the disposal site the
subject of this ERA. This report has also been prepared to address the
requirements for an environmental assessment (EA) (see Section 1.4).

1.1 PURPOSE

The purpose of this ERA is to prevent, or at least minimize, further
migration of carbon tetrachloride contamination from the unsaturated soils to
uncontaminated areas. This action is needed to ensure that the environment
and public health are adequately protected and to reduce the threat of further
groundwater contamination. Information on the origin, nature, and extent of
carbon tetrachloride (and co-contaminants), and other site characteristics
used as a basis for evaluating remedial alternatives is ptesented in Chapter
2.0.

1.2 GENERAL SELECTION PROCESS

Selection of the preferred method to perform the ERA follows the general
sequence specified in 40 CFR 300.430(e) and as required by EPA, with
concurrence by Ecology (December 20 letter, see Appendix A). Potential
remedial alternatives are identified as a preliminary screening; a more

n' detailed examination is conducted of applicable technologies retained after
the screening. Preferred technology(ies) are then selected as part of the
formal engineering evaluation/cost analysis (EE/CA). The EE/CA is a rapid,
focused, feasibility study that uses specific screening factors and selection
criteria to assess the feasibility, appropriateness, and costs of available
technologies for the removal of the carbon tetrachloride.

1.3 ERA BACKGROUND

On December 20, 1990, the EPA and Ecology requested the U.S. Department
of Energy-Richland Field Office (DOE-RL) to assess contamination and evaluate
alternatives for an ERA for carbon tetrachloride contamination located in the
unsaturated soils beneath certain disposal sites in the 200 West Area of the
Hanford Site. The request was made based on concerns that the carbon
tetrachloride residing in the soils is continuing to spread to the ground
water.
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An ERA, also known as an interim response action, is a provision
included in the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) of 1980, as amended, that allows for expedited
responses to be taken at waste sites where early remediation will abate
potential threats or prevent significantly-increased degradation that might
occur if action were delayed until completion of the remedial investigation/
feasibility study (RI/FS) and the record of decision (ROD). The ERA is
implemented according to the requirements outlined in the Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology et al.
1989, Part 3, Article XIII, Section 38), and in accordance with 40 CFR 300,
Subpart E.

The ERA activities described herein are conducted in support of, and
before completion of, the CERCLA RI/FS of the 200-ZP-1 and 200-ZP-2 operable
units where the carbon tetrachloride disposal sites are located. The RI/FS
work plans for these operable units will not be completed until 1992, and
plans for cleanup of the operable units are not anticipated to be completed
before 1997. Implementation of this ERA does not represent a final solution
to the carbon tetrachloride problem, but it may make that final solution
attainable in the cleanup of the operable units.

This ERA proposal will be submitted to the EPA, Ecology, and the public
for review. The EPA, as the lead regulatory agency, will review the proposal
and issue an Action Memorandum, which directs the action to be taken regarding
the carbon tetrachloride contamination.

1.4 NATIONAL ENVIRONMENTAL POLICY ACT

This proposal has been prepared to address the requirements for an
environmental assessment as defined in the regulations for implementing the
procedural requirements of the National Environmental Policy Act (NEPA) and
U.S. Department of Energy (DOE) orders. These regulations and orders require
an environmental assessment to provide brief discussions of the need for the
proposal, of alternatives considered, of the environmental impacts associated'
with each alternative, and a listing of agencies and persons contacted. The
need for the proposed action is provided in Section 1.1. The affected
environment is described in Chapter 2.0. Alternatives are described in
Chapters 3.0, 4.0, and 5.0, and evaluated for potential environmental impacts
in Section 5.1.2. Agencies and persons contacted are as follows:

* Hanford Cultural Resources Laboratory
Hal Gard, Cultural Resources Specialist
J. C. Chatters, PhD, Manager Cultural Resource Project

* Environmental Protection Agency, Region 10
Hanford Project Office
Doug Sherwood
712 Swift Blvd., Suite 5
Richland, Washington 99352

3
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Washington State Department of Ecology
Hanford Facility Project Office
David Nylander
7601 W. Clearwater, Suite 102
Kennewick, Washington 99336

The DOE will use this document to determine whether the potential
environmental impacts are significant enough to warrant the preparation of an
environmental impact statement. A Finding of No Significant Impact (FONSI)
will be prepared and published by the DOE if it is determined that the
potential environmental impacts are not significant.

4
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2.0 SITE EVALUATION

2.1 INTRODUCTION

This section summarizes the information about the site operations, site
characteristics, the extent of contamination, and conceptual models of the
behavior and distribution of contaminants in the subsurface. A detailed
discussion is provided in Appendix B.

The carbon tetrachloride disposal sites are located in the 200 West Area
where chemical processing plants have been operating since 1944. The 200 West
Area is approximately 11 km (7 mi) east of the western boundary of the Hanford
Site and approximately 8 km (5 mi) south of the Columbia River (see Figure 1).

2.2 WASTE DISPOSAL

The carbon tetrachloride disposal sites include the 216-Z-1A Tile Field,
216-Z-9 Trench, and 216-Z-18 Crib (Figure 2). These facilities received
liquid waste from the Z Plant facility operations. The 216-Z-1A Tile Field
received overflow liquid waste between 1949 and 1959. From 1964 to 1969,
aqueous and organic waste from the Plutonium Reclamation Facility (PRF) were
disposed of in the 216-Z-1A Tile Field. The 216-Z-9 Trench operated from 1955
to 1962 to receive all solvent and aqueous waste from the Recuplex facility.
The 216-Z-18 Crib operated from 1969 to 1973 and received aqueous and organic
wastes from PRF.

It is estimated that 363,000 to 580,000 L (96,000 to 153,000 gal) of
carbon tetrachloride were discharged to the soil column at the carbon
tetrachloride disposal sites between 1955 and 1973. From 83,000 to 300,000 L
(22,900 to 79,300 gal) of carbon tetrachloride are estimated to have been
discharged to the 216-Z-9 Trench, 170,000 L (44,900 gal) are estimated to have
been discharged to 216-Z-1A Tile Field, and 110,000 L (29,100 gal) are
estimated to have been discharged to 216-A-18 Crib. The total amount of
carbon tetrachloride disposed to the soils represents less than 1/10 of the

rs> total liquid (mostly aqueous) disposed to the sites.

2.3 CHARACTERISTICS OF THE SITE

The topography of the Hanford Site is relatively flat with elevations
ranging from 120 m (400 ft) above mean sea level along the Columbia River to
greater than 1,000 m (3,300 ft) at Rattlesnake Mountain. The 200 West Area is
also relatively flat with elevations ranging from 200 to 225 m (650 to 735 ft)
above mean sea level.

The climate at the Hanford Site includes summers that are warm and dry
and winters that are cool with occasional precipitation. The mean annual
precipitation at the Hanford Meteorology Station (adjacent to the 200 West
Area) is 16 cm (6 in). The average wind direction is from the west-northwest
with an average wind speed of 4.8 km/h (3 mi/h).

5
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The natural vegetation of the 200 West Area consists of a sparse
covering of desert shrubs and drought-resistant grasses. State and federal
endangered and threatened species are known to visit the Hanford Site or live
along the Columbia River and in Benton County. No plant or animal species
registered as rare, threatened, or endangered are known to depend on the
habitats in the immediate vicinity of the carbon tetrachloride disposal sites.

Cultural resources at the Hanford Site consist of Native American
archeological sites. These sites are located along the Columbia River and
near Gable Mountain. No archeological sites have been found in the 200 West
Area. A cultural resources review of the proposed project area was conducted
in January 1991 by the Hanford Cultural Resource Laboratory (HCRL) (HRCL
#91-200-002). The review concluded that there are no cultural or historic
properties in the area.

The Hanford Site is drained by the Columbia and Yakima rivers. No
natural surface drainage channels exist within the 200 West Area. Existing
surface water features at the 200 West Area are the 216-Z-21 seepage -basin and

e 4 200 West Area powerhouse ponds.

- The geology of the 200 West Area consists primarily of basalts overlain
by fluvial and glaciofluvial sediments. The sediments are, from oldest to
youngest:

- Ringold Formation - a series of alluvial sands and gravels, and
overbank and lacustrine deposits of late Miocene to Pliocene age

* Plio-Pleistocene unit - basaltic detritus and a carbonate-rich
paleosol - often referred to as the caliche layer

4 * Early Palouse Soil - eolian silt and fine-grained sand

* Hanford formation - glaciofluvial gravels, sands, and silts
deposited by middle to late Pleistocene cataclysmic flood waters.

Local structural features in the vicinity of the 200 West Area include
the Cold Creek syncline and the Gable Butte-Gable Mountain extension of the
Umtanum Ridge anticline. The 200 West Area is located on the northern flank
of the Cold Creek syncline, which dips at about 5% to the south. No faults
have been identified beneath the 200 West Area.

The uppermost aquifer in the 200 West Area is unconfined and located
within the Ringold Formation. The depth to the water table ranges from 58 to
82 m (190 to 269 ft). Beneath the carbon tetrachloride disposal sites, the
depth to ground water ranges from 60 to 66 m (197 to 216 ft). The saturated
thickness of the uppermost aquifer ranges from 67 to 113 m (219 to 371 ft).
Ground water velocities are estimated to range from <0.1 to about 47 m/d
(<.3 to 154 ft/d). Ground water flow directions are generally radial outward
from the southwest portion of the 200 West Area primarily because of the
continuing influence of the residual ground water mound underlying the
decommissioned 216-U Pond. Recharge to the aquifer is primarily artificial
recharge from waste disposal activities. The ground water in the 200 West
Area is only used for monitoring; drinking, emergency, and process water come
from the Columbia River.

7
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The unsaturated zone consists of sediments of the Ringold Formation,
Plio-Pleistocene unit, early Palouse soil and Hanford formation. The
unsaturated zone ranges in thickness from 58 to 82 m (190 to 269 ft). Within
the unsaturated zone, the Plio-Pleistocene unit (caliche layer) is less
permeable and may result in slower travel times through this unit or perched
ground water or vapor. The vapor extraction tests indicate that the air
permeability of the Hanford formation is 2 x 10-B to 5.6 x 108 cm' (3.1 x 10~9

to 8.7 x 10-9 in 2)

2.4 EXTENT OF CONTAMINATION

Carbon tetrachloride has been identified in downhole and wellhead vapor
sampling in the vicinity of the disposal sites. Carbon tetrachloride vapor
has been detected at depths ranging from 24 to 63 m (79 to 207 ft) below
ground surface.

During the soil vapor characterization tests, carbon tetrachloride vapor
was detected at depths of 35 to 42 m (115 to 138 ft) below the ground surface
in the 216-Z-1A Tile Field. During the long-term vapor extraction test,
concentrations of up to 915 p/m vol were observed with a flowrate of 300 to
310 cubic feet per minute (cfm) (8,500 to 8,780 L) and a well vacuum of 35 to
40 in. water gage (w.g.) (89 to 101.6 cm). During these tests, it is
estimated that 300 lb of carbon tetrachloride were removed from the system
over an 80-h period. These tests also indicate that carbon tetrachloride
vapor has migrated laterally at least 24 m (79 ft) outside the tile field.
During these tests, vapor samples were collected and analyzed for volatile
organic compounds (VOC). Chloroform was detected, in trace amounts; 2-
butanone was also detected at concentrations up to 148 p/m vol, but this may
be a reflection of the analytical method. No other volatile organics were
detected in the 216-Z-1A Tile Field and other volatile organics have not been
analyzed for at 216-Z-9 Trench and 216-Z-18 Crib. .

Plutonium and americium have been detected in the soils at the 216-Z-lA
Tile Field and naturally occurring radon was detected in the vapors at the
tile field. Plutonium and americium were also present in the soil at 216-Z-9
Trench (prior to excavation). The 216-Z-18 Crib has not been sampled for
radionuclides, although based on the disposal history, it is likely that
radionuclides are present.

Carbon tetrachloride has also been detected in the 200 West Area away
from the disposal sites. During drilling in this area, carbon tetrachloride
vapor has been detected in borings both above and below the Plio-Pleistocene
unit. Soil samples from these wells indicate the presence of carbon
tetrachloride in the unsaturated zone north and west of the disposal sites.
Other volatile organic compounds have also been found in these soils as
discussed in Appendix B.

Ground water in the 200 West Area is contaminated with carbon
tetrachloride, with concentrations of 7,340 p/b having been observed. The
carbon tetrachloride plume appears to be emanating from the area of the
disposal sites and extends primarily to the north. Carbon tetrachloride has
been detected at the water table and to depths of 116 m (380 ft). It is
estimated that the ground water plume (as defined by the 5 p/b contour) covers

8
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an area of 11 km2 (6.8 mi2) and contains only a small percentage of the carbon
tetrachloride thought to have been disposed of in the three disposal sites.
Other contaminants that have been detected in the ground water are discussed
in Appendix B.

2.5 CONCEPTUAL MODELS

There are two basic conceptual models that describe the observed
contamination in the ground water and unsaturated zone. The first conceptual
model is that a significant amount of the carbon tetrachloride disposed to the
ground in the 200 West Area is still present within the unsaturated zone. In
this model, carbon tetrachloride vapor moves downward and laterally away from
the disposal sites, providing a continuous source of contamination to the
ground water.

The second conceptual model is that most of the carbon tetrachloride
discharged as a dense nonaqueous phase liquid (DNAPL) has reached the
uppermost aquifer in a liquid phase. The DNAPL has settled in the aquifer and
provides a continuous source of contamination.

In both models, aqueous phases containing dissolved carbon tetrachloride
migrate to and contaminate the ground water. Carbon tetrachloride vapors in
the unsaturated zone that equilibrate with perched water and/or waste water
from other sources may then be transported to the water table in dissolved
form. The discharges of aqueous phase containing dissolved carbon
tetrachloride may also have reached and. contaminated the ground water.

The observed distribution of carbon tetrachloride in the subsurface
suggests a combination of both models. These models are discussed in more
detail in Appendix B.

9
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3.0 IDENTIFICATION AND SCREENING OF REMEDIAL ALTERNATIVES

Preliminary screening of remedial alternatives is guided by whether each
alternative will provide overall public health and/or environmental protection
and will meet regulatory or policy requirements. Preliminary screening also
eliminates conceptual and emerging technologies that require further
development and presently do not have a proven record for the application
under consideration. Engineering judgement is used in this evaluation. Two
of the major considerations in the evaluation are: (1) the large volume of
soils contaminated by the carbon tetrachloride, and (2) the presence of carbon
tetrachloride in radiologically-contaminated soils. The general response
actions considered for the ERA (Table 1) are:

* No action

* Institutional controls

* Source control.

3.1 NO ACTION

The no-action alternative would slightly reduce the organic wastes due
to natural biodegradation and by limited loss of carbon tetrachloride through
volatilization to the atmosphere. Though the no-action alternative does not
satisfy the underlying need presented in this document, it supplies a
projection of future trends by providing an environmental baseline against
which the site impacts of the active alternatives can be compared. The no-
action alternative is not acceptable because it would not quickly mitigate the
releases of hazardous substances that are the subject of this proposal.
Failure to prevent or limit the continuing migration of carbon tetrachloride
would not meet the ERA objective and would violate the intent and specific
requirements of the Resource, Conservation, and Recovery Act (RCRA), CERCLA,
Tri-Party Agreement, and the Agreement in Principle between the DOE, EPA, and
Ecology dated October 18, 1990 (Hagood and Rohay 1991, Appendix A).

3.2 INSTITUTIONAL CONTROLS

This alternative would include preventing or limiting access to the
contaminated soil areas and contaminated ground water. In addition, other
institutional controls to be considered include cessation of any disposal of
aqueous effluent to the soils in the vicinity of the carbon tetrachloride
contamination and remediation of existing wells.

Limiting access to contaminated soils and ground water would protect
public health; however, this approach would allow continuing carbon
tetrachloride migration, resulting in expansion of the soil and ground water
contamination.

11
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Table 1. Identification of Contaminated Soil Remediation Alternatives.

Remedial action objectives General response action Remedial technology type Process options

Human health: No action/institutional No action/institutional
actions: options:

Prevent direct contact and
ingestion of soil, vapor, No action Fencing
or grouno water resuLting
in a 10 to 10 excess Access restrictions Deed restrictions
cancer risk from carbon
tetrachloride Seat well annuli

Environmental protection: Drilling constraints

Prevent migration of Cease effluent
contaminants that would disposal to ground
result in ground water in vicinity of source
contamination in excess of
5 p/b carbon tetrachloride. Source control: Containment technologies:

Containment actions Barriers Ground freezing,
- Containment slurry wall

Welt remediation Seal welt annuti

Excavation/treatment Collection technologies:
actions: Excavation Soit excavation
Excavation/treatment/
disposal Extraction
- In situ treatment - Liquid extraction Soil wash/flush,
- Excavation and product extraction

disposal
- Vapor extraction Extraction welts,

injection welts

Treatment technologies:

Biological treatment Cultured
microorganisms

Physical treatment Stabilization,
solidification,
vitrification

Extracted vapor
treatment:

- Physical treatment Carbon adsorption

- Thermal treatment Incineration

- Chemical treatment Catalytic oxidation

- No treatment Vent to atmosphere

Drilling and well completion through soils in both the unsaturated and
saturated zones may cause further contamination of the ground water. Carbon
tetrachloride in either liquid or vapor form could potentially migrate along
the well/formation interface due to its density. Drilling could be
prohibited, limited, or restricted. These actions would compete with the need
to acquire site characterization information through drilling and testing and
the emplacement of any injection/extraction wells in support of a remedial
technology, such as vapor extraction.

12
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Drilling and well completion through contaminated soils is also a health
and safety concern, as onsite workers may be exposed to carbon tetrachloride
vapors and radiological contamination. Prohibiting drilling for this reason
competes- with the need to acquire data and implement certain cleanup
activities. In addition, safety concerns for onsite workers can be mitigated
with proper safety equipment and practices.

Discharges of aqueous waste water to the soil column, where carbon
tetrachloride (or other contaminants) reside, could potentially contribute to
the further migration of the contaminant. Current information is inadequate
to assess this possibility.

Existing wells in the vicinity of the carbon tetrachloride contamination
may be poorly sealed, potentially allowing migration of liquid or vapor carbon
tetrachloride to deeper strata and ground water. Well remediation could
prevent further or future spread of the carbon tetrachloride by sealing and/or
resealing certain wells. Further evaluation would be necessary to assess this
potential problem.

Preventing access to contaminated soils or ground water would protect
public health by limiting access to areas affected by hazardous substances.
This approach does'not meet the immediate ERA objectives of reducing the
mobility, toxicity, and/or volume of the existing carbon tetrachloride. These
actions are rejected from further consideration in the EE/CA. In addition,

M' current information is inadequate to assess whether drilling and well
completion practices, discharges to'the soil column, and existing wells would
cause further migration of carbon tetrachloride contamination. These actions
are not considered further in the EE/CA, but should be further evaluated as
part of future site characterization activities (see Section 6.1.1).

3.3 SOURCE CONTROL

Source control could involve many different types of containment,
collection, or treatment. 'Source' is defined for the purposes of this study
as the soil mass containing carbon tetrachloride between the ground surface

ar, and the water table. The source zone contaminant(s) can migrate outward and
downward to contaminate additional soil and ground water.

Assuming that the bulk of residual carbon tetrachloride contamination
lies directly beneath each of the three disposal sites, the contaminated area
of concern would be approximately 200 m by 300 m (650 by 985 ft) and extend
approximately 58 m (190 ft) to the ground water. The actual distribution of
carbon tetrachloride throughout this volume of soil is not fully known. The
extent of contamination may be much larger. The following sections provide
brief descriptions of technologies considered for containment, collection, and
treatment.

13
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3.3.1 Containment

For the purpose of comparative evaluation of alternatives, the
containment barriers are assumed to be installed around each of the disposal
sites. This would result in a cumulative area containment zone of
approximately 200 m by 300 m (650 by 985 ft).

3.3.1.1 Ground Freezing. Ground freezing could be used to build vapor
barriers (vertical ice walls) around the source zone. Circulation of liquid
nitrogen or other coolant in boreholes, while injecting water into the cooled
zones, would produce ice walls and reduce or eliminate vapor migration;
however, this process would not remove, destroy, or permanently stabilize the
contaminant(s) and would be expensive to install and maintain. This technique
has not been demonstrated to provide acceptable long-term containment. Upon
cessation of maintenance, the ice would melt and could contribute to further
contamination of ground water. In addition, the dilation that would result
from the freeze-thaw cycle would likely increase the permeability, providing
conduits for further migration of contaminants. These reasons support a
determination that this alternative is not applicable to the 200 West Area.

3.3.1.2 Slurry Trench/Wall. A slurry wall could also provide a vapor barrier
to prevent lateral movement of vapor in the unsaturated zone. Extension of
the trench down to the underlying basalt could also halt migration of
contaminated ground water; however, trench collapse is likely at the extreme
depths required. Massive quantities of bentonite and costly additives would
be needed to construct such a wall around the source zone. This alternative
would not remove or destroy trapped contaminants, and the degree of
containment achieved would be questionable and difficult to verify. These
factors support a decision that this alternative is not applicable to the
200 West Area.

The extent of contamination is probably too great for either containment
options to be practical.

3.3.2 Collection Technologies

The collection technologies considered include excavation and extraction
processes. The approach assumed for all collection technologies is to focus
on removal of the highest concentrations of carbon tetrachloride.

3.3.2.1 Excavation and Removal. Standard earthmoving equipment and methods
could be used to excavate and remove contaminated soil; however, this method
is not feasible due to radiologically-contaminated soils below the three
disposal locations. Excavation would also allow rapid escape of carbon
tetrachloride vapor to the atmosphere. In addition, the extreme depth and
large volume of excavation required to remove the soil that contains only
carbon tetrachloride make this method inapplicable.

3.3.2.2 Soil Flushing. Soil flushing is in-situ extraction of organic
compounds from soil. It is accomplished by passing extractant solvent through
the soil using injection and extraction wells. These solvents may include
air, steam, water, surfactant, chelating agents, or oxidizing agents.

14
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Flushing with liquid is not applicable for the high radiation zones in
the near-surface soil below the three disposal locations. Flushing in these
zones would remove some radionuclides while causing others to migrate farther.
Severe solvent treatment problems and unnecessary personnel radiation
exposures would occur. In addition, the extreme volume of solvent required to
contact the widely spread carbon tetrachloride outside the radiologically-
contaminated soils and lack of control of the liquid in the permeable
unsaturated zone make flushing with liquid solvents not applicable. Flushing
with air or steam is considered further in the following sections.

3.3.2.3 Vapor Extraction. Vapor extraction is the removal of gaseous carbon
tetrachloride or other soluble organics from the source zone soil. Two
methods of removal include stand-alone extraction wells and stand-alone
extraction wells combined with injection wells.

Extraction alone involves the removal of soil gas by vacuum pumping.
The wells serve two purposes; (1) they provide a negative pressure that draws
the surrounding carbon tetrachloride vapors out of the soil, and (2) since
carbon tetrachloride is volatile, the negative pressure and air flow in the
zone of influence of an extraction well drive liquid carbon tetrachloride into
the vapor phase. Thus, any liquid carbon tetrachloride mixed with man-made
radioactive contaminants will separate and exit through the wells as a vapor
(Section 4.1.1). Extraction may require treatment of removed vapor to meet
applicable emission concentration limits.

The injection well process involves flushing contaminated soil with
injected air or steam. This method would be used in conjunction with nearby
extraction wells. It would work similarly to extraction alone, but would
require additional equipment to provide compressed air or steam.

These techniques have been well proven at many hydrocarbon (gasoline and
diesel fuel) release location sites across the United States. The
applicability of vapor extraction to the source zone at the 200 West Area is
discussed in Section 3.4. Both forms of vapor extraction are considered
potentially effective and applicable, and are retained for further evaluation.
Vapor extraction is considered in greater detail in Chapters 4.0 and 5.0.
Treatment alternatives for extracted vapor are discussed in Section 4.3. A
soil vapor extraction pilot test was conducted onsite April 1991, and is
discussed in Section 4.5.

3.3.2.4 Liquid Product Extraction. Liquid product extraction can be used
when the contaminant is in the form of pools of liquid entrapped in the soil.
This method involves the use of underground pumps strategically placed in
areas where pools of liquid contaminants have settled. The most likely
locations of such pooled or perched liquid are directly above the "caliche
zone" 35 to 45 m (115 to 150 ft) below the surface (see Chapter 2.0 and
Appendix B), directly beneath the three release locations. A method of
locating the pools would be required, as well as treatment and disposal of the
extracted liquid.
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This method does not address contaminant vapors trapped in the soil, nor
does it address the presence of radioactive elements (dissolved or as
particulates) that may require further treatment. Accordingly, this
technology is not considered applicable to the source zone for the ERA, but
may be considered in the final remedial action for the site.

3.3.3 Treatment

Treatment technologies that could be used to immobilize or destroy
carbon tetrachloride without separating it from the soil matrix are screened
in this section. The candidate processes cover a wide range of possibilities.
The list of processes discussed is not intended to be exhaustive, but
representative. Various modifications of each type of process are possible,
but only the most attractive types of treatment are examined in detail.

3.3.3.1 Biological Treatment. Bacteria and fungi that have the ability to
metabolize carbon tetrachloride could be injected into the 200 West Area
source zone. Both naturally occurring and imported organisms could perform
this function if adequate nutrients and transport mechanisms were provided.

However, the optimum organisms, nutrient solutions and injection/
transport methods would have to be determined through site-specific research.
Hazardous degradation products such as methylene chloride and chloroform
should be minimized by proper choice of organisms and growth conditions.
Large quantities of the cultured organisms and nutrient solutions would be
required to remediate the large volume of the source zone. The highest
concentration portions of the source zone may be toxic even to efficient
carbon tetrachloride-eating organisms. Finally, the highest concentrations of
carbon tetrachloride and other organics are combined with high radiation zones
that may be lethal to microorganisms.

Due to the long research and development time frame, combined with high
costs and uncertainty of the performance of this process in the varied
conditions that will be encountered in the unsaturated soils, the biological
treatment approach is not applicable.

3.3.3.2 Physical Treatment. Physical treatment technologies considered in
developing this proposal are limited to in-situ stabilization or
solidification, and vitrification. Excavation of source zone soil was
rejected in Section 3.3.2.1; therefore, no surface processing of contaminated
soil was considered.

In-situ stabilization and/or solidification involves fixation of
contaminants in the unsaturated (or saturated) soils to reduce or eliminate
further migration. This may be accomplished by injecting cement or other
reagents that chemically bond or physically encapsulate contaminants. The
process will be more effective if physical mixing of the reagent and
contaminated soil is also performed. The process has been applied to numerous
sites where shallow soil contamination exists.

Large volumes of reagents would be required to fix the carbon
tetrachloride in the source zone. The extreme depth of much of the heavily
contaminated zone would make efficient mixing difficult or impossible. In
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addition, fixation of carbon tetrachloride by commonly used reagents is
unproven. These difficulties and uncertainties indicate that
stabilization/solidification is not applicable to this situation.

In-situ vitrification is accomplished by applying a high-density
electrical current to melt soil minerals, resulting in a congealed glass-like
solid mass that encapsulates contaminants. This process may be most
applicable to high radiation zones in the soil. The heat produced from the
melt zone may actually drive nearby organic contaminants away rather than
encapsulating or destroying them. Only limited volumes and depths of soil can
be treated in a given time period, allowing surrounding organic contaminants
to rapidly migrate away. This process has not been used to treat contaminated
soil more than 6 to 10 m (20 to 33 ft) below ground surface. Although this
technology may be considered for remediation of the limited volumes and depths
directly below the three release locations, it is not applicable to the large
volume of the source zone.

3.4 RETAINED REMEDIAL ALTERNATIVES

cv The unsaturated soils have characteristics favorable to the
implementation of vapor extraction. Breckenridge et al. (1991) identify six
process-limiting characteristics and the associated site data required for the
remedial technology evaluation of vapor extraction. These criteria, along
with the typical site data for the source zone, are shown in Table 2. All six
process-limiting characteristics are met or exceeded in the 200 West Area
unsaturated soils.

. Based on the preliminary screening, vapor extraction (with associated
treatment processes) is the only alternative retained for further evaluation.
This section is consistent with the informal preliminary screening conducted
by Hagood and Rohay (1991) in the project plan and with EPA and Ecology
guidance (see December 20, 1990, letter from EPA, Appendix A).

Table 2. Vapor Extraction System: Process Limiting Characteristics,
0', Site Data Required and Typical Site Data.

Process limiting characteristicsa Site data requireda Typical site data

Applicable only to volatile organics Contaminants present Carbon tetrachloride: Vapor
with significant vapor pressure pressure at 50'F is about 35 m
(>1 mm mercury [7.04 in]) 1.38 in) mercury

Low soil permeability inhibits air Soil permeability 2E-8 to 5 6E-8 cm2 (3.1E-9 to
movement 8.7E-9 in2) (high permeability)

Soil hydraulic conductivity Hydraulic conductivity 1.3E-4 to 3.7E-4 cm/s (5.1E-5
(>lE-8 cm/s 4E-10 in/s] required) to 1.46E-4 in/s)

Depth to ground water (>20 ft [6 m]) Depth to ground water About 190 ft (58 m)
High moisture content inhibits air Soil moisture content Low soil moisture content
movement

High organic mtter content inhibits organic matter content Low soil organic matter content
contaminant removal

a Obtained from Breckenridge et al (1991), Table 4.
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4.0 REMEDIAL ALTERNATIVE DESCRIPTION -
VAPOR EXTRACTION AND TREATMENT

Vapor extraction and treatment, the technology retained from the
preliminary screening (Chapter 3.0), is further profiled in this chapter. The
vapor extraction technology proposed for this ERA would be implemented as two
vapor extraction systems (VES). Each VES would be similar in design and
function. One VES would operate on two of the carbon tetrachloride disposal
sites (216-Z-A Tile Field and 216-Z-18 Crib) and the other VES would operate
on the third carbon tetrachloride disposal site (216-Z-9 Trench). The
two-system approach is necessary due to the relatively large flowrates
required (up to 1,400 cfm per system) and because of the physical distance
between the sites.

4.1 VAPOR EXTRACTION

Vapor extraction is widely used to remove a variety of VOCs from soils
contaminated by leaking underground storage tanks and other sources. The

C" specific terms used to describe such systems in EPA RODs vary somewhat (e.g.,
vapor extraction, vacuum extraction, in situ volatilization) but these all
indicate systems similar to those under consideration for the ERA. In
addition to hundreds of gasoline and diesel fuel leak sites, this technology
is the most frequently used "innovative treatment technology" at Superfund
sites in the United States (EPA 1991). According to EPA, vapor extraction is
in use and has been approved for use at 31 sites (through 1989).

4.1.1 Vapor Extraction Theory

Carbon tetrachloride in the source zone may exist as a DNAPL, as
organics in perched water or pore water, material adsorbed to the soil, and
free vapor. When air is drawn through the soil during the vapor extraction
process, contaminants vaporize from one or more of the condensed phases,
replacing the vapors that were carried away in the air stream. The ability of
an element (or compound) to enter into the vapor phase, or to volatilize, is
dependent on the vapor pressure. The vapor pressure is a characteristic
property of a given liquid or solid, and varies with the strength to the
intermolecular forces. To obtain a vapor pressure of 760 mm (30 in.) mercury
a temperature of 76.70C (170 0F) is required for carbon tetrachloride, compared
to 100*C (212*F) needed for water. Materials with higher vapor pressures than
water will evaporate quicker or vaporize more readily. Carbon tetrachloride
is characteristic of a liquid with a much higher vapor pressure than water.

Carbon tetrachloride can be readily separated from the plutonium or
americium in the soils beneath the disposal sites. Since plutonium and
americium are metals, they require extremely high temperatures to volatilize.
Under the site conditions, volatilization of these metals will not occur
(WHC 1991, pp 92-96). In addition, plutonium and americium attach to host
soil particles and are not likely to be moved with a vacuum due to their
affinity for certain size particles (WHC 1991, pp 92-96). However, as a
precaution, filtration and moisture control will be required for systems
placed within radiologically-zoned areas. The soil vapor and air extracted
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from the source zone may entrain small particles of radiologically-
contaminated particulates that must be removed prior to treatment. High-
efficiency particulate. air (HEPA) filters and coarse prefilters will be
provided for filtering the soil vapor stream.

4.1.2 Vapor Extraction Process

For the vapor extraction process, vapor extraction wells or ve
installed in the contaminated zone. As soil vapor is removed from t
subsurface by blowers pulling a vacuum on the wells, ambient air is
the subsurface or is injected at various locations around the site.
ambient air passes through the soil, carbon tetrachloride is volatil
may then be removed by the VES.

nts are
he
drawn in

When
ized and

to

After the soil vapor is pulled from the extraction well(s), the vapor is
conveyed via pipes and/or hosing to the mechanical equipment. The equipment
treats the vapor by filtration and other mechanisms and then forces the
effluent out the exhaust stack.

A generic VES consists of (1) one or more vapor extraction wells, (2) an
air handling system (including vacuum pumps or air blowers), and (3) vapor
treatment (see Section 4.3). Often a VES will include one or more air inlet
or injection wells and monitoring wells. Instrumentation is also a typical
part of a VES to provide operational control and indicate system
effectiveness.

4.2 WELLFIELD DESIGN OPTIONS

Two major options are associated with the design of the VES wellfield.
These options are (1) the locations of the wells and the placement of screened
intervals within those wells and, (2) the well types, which include
extraction, monitoring, and injection. These types of wells can be placed
vertically or angled (e.g, horizontal).

4.2.1 Well Locations

The wellfield design approach has two phases. The first phase will use
some of the 46 existing vertical wells in and around the three carbon
tetrachloride disposal sites. The available existing wells are listed in
Table 3 and shown graphically in Figure 3. All of the existing wells are
vertical wells and those chosen for extraction, monitoring, or injection will
be perforated in specific intervals based on historic borehole logs describing
the site stratigraphy.

During the first phase, the operational parameters will be varied to
develop an understanding of the areas of influence, achievable flows and
vacuums, and the concentrations of carbon tetrachloride in the source zone
the second phase. This information will be used in the design of the
wellfield.

for
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Table 3. Existing Wells In and Around the Three Tile Fields.
Coordinates Casing Ground Casing Drilled Date Total Depth Parf/scm

Well elevation elevation diameter depth drilling deptha to interval
EW NS (ft) (ft) (in.) (it) completed (ft) m (ft)

216-Z-9 Trench

W15-6
W15-8

W15-9

W15-82
WI 5-84
W1 5-85
W15-86
W15-95

75765
75910
75890
75810
76000
75910
75958

75925

216--1 A Tile Field

Wi18-6
W18-7

WI 8-76

sO W18-78
W18-81
WI 8-85
W18-86

v- W18-87
Wi 8-88

EW18-89
W18-149
S W18-160s
W18-158
W18-159
WI8-163
W18-164
W18-165
W18-166
WI 8-167
W18-168
W18-169

" W18-170
W18-171

a' W18-173
W18-174
WI8-175

76706
76491

76610
76600
76606
76717
76742
76604
76432
76752
76602
76601
76650
76602
76552
76602
76650
76650
76552
76552
76552
76602
76604
76574
76565
76600

216-Z-18 Crib

W18-9

W18-10

W18-11
WI8-12

W1 8-82
W1 8-93
W18-94
W18-95

W18-96
WI8-97
Wi 8-98
W1 8-99

76846
76803
76955
76955
77101
76905
76880
76970
76790
76790
76880
76768

40005
39740
39930
39860
39860
39970
39790
39930

39212
39204
39318
39308
39283
38989
39106
38980
39298
35360
39329
39075
39266
39228
39284
39040
39180
39108
39214
39043
39073
39154
39010
39307
39296
39117

38852
38847
38735
38850
38570
38744
38662
38665
38825
38745
38940
38949

'Measured In January and February 1991.
ND = Not Determined.
N/A = Not Applicable.

661.50
667.79
662.30
660.09
669.82
664.11
661.22
660.00

678.47
678.99
669.00
669.00
669.00
679.76
683.49
677.23
679.76

681.32
672.56
671.81
672.61
670.77
670.00
678.75
672.09
671.11
669.00
669.00
669.00
672.32
677.66
673.31
673.21
670.00

682.47
682.63
683.00
683.00
680.00
665.00
665.00
665.00
665.00
665.00
665.00
665.00

658.57
665.69
660.58
659.57
668.35
662.67
658.16
657.35

675.91
676.49
668.16
668.48
665.80
676.83
681.48
674.86
677.01
678.50
670.56
668.85
669.97
669.63
667.50
675.68
668.99
668.36
665.68
665.70
665.94
668.59
676.14
670.02
669.85
667.07

679.56
679.51
679.66
680.52
677.58
662.00
661.77
661.88
662.02
662.00
662.03
662.13

410
206
195
101
110
106
144

100

300
300

19
17

41

150
150
150
160

160

100
128
131

130
135
153
135
137

134
131

132
30
136
51
51

130

220
220
220
220
146
140
80
80
80
85
80

136

05/24/59
11/23/66
12/14/66
10/04154
10/10/54
10/12/54
08/14/57
01/21/59

01/15/64
01/13/64
03/28/67
03/30/67
04/03/67
08/05/69
08/21/69
09/05/69
09/19169
10/21/69
04/12/74

07/21/77

09/08/77
01/11/78

02/16/77
02/01/77
03/29/77
04/14/77

05/17/77
06/16/77
09/05/77
09/21/77

08/09/77
10/14/77
10/11/77
12/07/77

12/13/68
12/11/68
01/04/69

ND

ND

02/08/72
02/10/72
02/15/72
02/18/72
02/24/72

02/29/72
03/08/72

361.1
201.6
190.8
99.1

106.3
103.7
140.8
99.3

201.0
203.3
18.8
14.0
37.7

150.0
149.1
149.2

146.7

141.7

24.7
115.9
125.6
120.9
130.3
143.4
125.4
129.4

126.2

124.1

125.7
28.0

128.7
44.6

46.4

118.4

217.6
ND

188.6
212.6
148.3
139.7
84.4
78.1

78.2
83.2
76.3

131.4

189.5
196.9
190.4

N/A

N/A

N/A
N/A
N/A

N/A

N/A
N/A

N/A

N/A
N/A
N/A
N/A

N/A

N/A
N/A
N/A

N/A

N/A
N/A

N/A

N/A
N/A

N/A
N/A
N/A
N/A

N/A
N/A

N/A
N/A

210.7

NO
N/A

N/A

N/A

N/A
N/A
N/A

N/A

N/A
N/A
N/A

175-408
N/A

186-189
N/A

N/A

N/A

N/A
N/A

190-298
190-298

N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A

N/A

N/A
N/A
N/A
N/A

N/A
N/A

N/A

N/A

N/A
N/A

N/A
N/A
N/A
N/A

N/A

180-218
180-218
180-220
190-218

N/A

N/A
N/A

N/A
N/A
N/A
N/A
N/A
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Figure 3. Available Existing Wells Around the Three Disposal Sites. 
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The second phase will utilize existing wells and new wells drilled
specifically for the VES. The new wells will include vertical wells and may
include horizontal wells.

4.2.2 Well Types

The well types vary in function and form. The functions include
extraction, monitoring, and injection. The forms include vertical and
horizontal.

4.2.2.1 Extraction Wells. The primary wells of the VES are the extraction
wells, which provide the conduit for the removal of the carbon tetrachloride
from the subsurface. Several extraction wells will be connected to the VES at
each of the disposal sites, though not all the extraction wells will
necessarily be operating at the same time.

For the first phase, all of the extraction wells will be existing
vertical wells. Also, during the first phase, horizontal wells will be
evaluated for possible use during the second phase.

4.2.2.2 Monitoring Wells. The VES monitoring wells provide a means of
observing the effect the flow through the extraction wells is having on
subsurface. Specifically, each monitoring well shows the vacuum in the
subsurface at its location and this provides information concerning the
relative zone of influence of the operating system.

the

Extraction wells will function as monitoring wells during those times
when they are not being used to extract vapor.

4.2.2.3 Injection Wells. Carbon tetrachloride vapor removal from the source
zone may be enhanced by injecting air or steam to increase the movement of
contaminants toward an adjacent extraction well. Existing vertical wells
could be used for injection purposes. These techniques will be assessed for
later use in the remediation effort.

Steam may be needed to provide efficient removal in relatively low
permeability soil zones (e.g., caliche layer), or highly permeable zones where
heat addition is required to desorb contaminants from soil particles. Higher
air flowrates and heating may be needed where the clay content in the target
strata is relatively high. However, steam injection could be counter-
productive in the vicinity of radiologically-contaminated soils in the
disposal sites and could cause migration of radiological contaminants to the
ground water; this option requires further assessment.

An option to steam injection would be to open
passively allow air to be drawn into the ground and
extraction wells. Existing wells could be used for

inlet wells or vents to
used in conjunction with
this purpose.

4.2.2.4 Vertical Wells. Vapor extraction wells (or injection wells) are
typically designed to penetrate the source zone. Vertical wells are more
ideally suited for use with greater thicknesses and depths of contaminated
soils in the source zone, such as the soils found beneath the three carbon
tetrachloride disposal sites (see Chapter 2.0). Additionally, most of the
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soils underlying the disposal sites are highly permeable and this will allow a
significant area (radius of influence) of the source zone to be affected by
vapor extraction, as supported in the pilot test (see Section 4.5).

As described, 46 existing vertical wells with carbon-steel casing are
located in the vicinity of the carbon tetrachloride disposal sites, and could
be used as VES wells. Existing wells can be modified by perforating the
carbon-steel casing at appropriate depth intervals. Four existing wells were
perforated and used as extraction wells during the pilot test (see Section
4.4).

4.2.2.5 Horizontal Wells. Horizontal extraction/injection wells (or angle-
drilled wells) could provide a method to reach carbon tetrachloride
contaminated zones beneath radiologically-contaminated soils in the carbon
tetrachloride disposal sites or enhance efficiency by targeting certain flat-
lying strata (i.e., caliche layer). A horizontal well system would normally
be classified as an experimental, "emerging" technology, and therefore
inapplicable for an ERA. However, horizontal drilling has been tested at the
Savannah River Site as part of a VES removing VOCs in both the vadose and the
ground water.

The Savannah River Site test is sponsored by DOE and several other
organizations as part of the DOE Integrated Demonstration Program. This
program is specifically intended to encourage rapid development of
technologies that can be used in DOE remedial action projects throughout the
country. The horizontal well technology is skufficiently successful to qualify
for a United States patent.. Several differences exist between the Savannah
River Site and the Hanford Site that may preclude the implementation of
horizontal drilling as a "developed technology" during the ERA: (1) soil
texture differences, (2) configuration of contaminant plume, (3) regulatory
constraints on drilling fluid losses, (4) associated costs, and (5) time
requirements. The use of horizontal wells will be further investigated for
later phases of the ERA.

4.3 EXTRACTED VAPOR TREATMENT PROCESSES

Vapors extracted by a VES are typically treated using carbon adsorption
or thermal destruction (catalytic oxidation or thermal oxidation). The type
of treatment chosen depends on the composition and concentration of
contaminants. Methods that destroy or recover contaminant vapors onsite are
preferable because they do not require offsite shipment or burial of hazardous-
constituents.

The extracted vapor treatment processes described in this section
include only those technologies that are considered to be proven through
extensive previous use in industrial applications and which appear applicable
to this project.

Though it is not essential that the VES operate without downtime, each
of the treatment processes described allows the VES to operate with minimal
interruption.
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4.3.1 No Treatment

Direct discharge of extracted vapor with no treatment would not follow
the general requirements of the CERCLA. In addition, carbon tetrachloride is
an ozone-depleting chemical that will come under direct regulation pursuant to
the 1990 Clean Air Act. The EPA is expected to issue monitoring and reporting
rules in August 1991. Washington State regulations limiting toxic air
pollutant discharges will also be implemented in the near future and will be
applicable to emissions from the VES.

4.3.2 Carbon Adsorption

Carbon adsorption is a process in which activated carbon is employed as
an adsorbent and where contaminant vapor molecules are attracted and held on
the surface of the carbon. Carbon adsorption is the most commonly employed
vapor treatment process and is adaptable to a wide range of VOC concentrations
and flowrates. The treatment process using skid-mounted, offsite-regenerated,
carbon canisters is generally employed for low soil vapor flow volumes and the

o3 treatment process using beds regenerated onsite is typically used for high
soil vapor flow volumes and cleanup of extended duration. Carbon adsorption
can be used alone or with other methods. The "spent" carbon would require
treatment or disposal by thermal desorption and destruction of vaporized
carbon tetrachloride.

4.3.2.1 Carbon Adsorption with Offsite Regeneration. This treatment
alternative would use carbon canisters as a means of capturing the carbon
tetrachloride from the soil vapor stream. Each canister, when it reaches
sorptive capacity, would be taken out of the process train and shipped offsite
for regeneration at a vendor's facility. A previously-regenerated canister
would immediately replace the canister that was removed.

4.3.2.2 Carbon Adsorption with Onsite Regeneration and Offsite Treatment of
the Condensate. This treatment alternative would also use the carbon
canisters to capture the carbon tetrachloride from the soil vapor stream, but
the regeneration of the carbon would be performed onsite. The resultant
carbon tetrachloride condensate from the regeneration process would be
transported offsite where it would be treated in a vendor's RCRA-permitted
incinerator.

4.3.2.3 Carbon Adsorption with Onsite Regeneration and Conversion of the
Carbon Tetrachloride. This treatment alternative would also use the carbon
canisters to capture the carbon tetrachloride from the soil vapor stream and
the carbon would be regenerated onsite. However, rather than producing a
condensate, ultraviolet light and ozone would be used to convert the carbon
tetrachloride to mostly carbon dioxide and hydrochloric acid.

4.3.2.4 Carbon Adsorption with Onsite Regeneration and Conversion of the
Carbon Tetrachloride with Acid Scrubbing. This treatment alternative is the
same as just described using the ultraviolet light and ozone, with the
addition of a process step. Acid scrubbing would be utilized to reduce the
effluent of hydrochloric acid produced during the conversion of the carbon
tetrachloride.
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4.3.3 Catalytic Oxidation

Catalytic oxidation is a chemical treatment process that oxidizes VOCs
over a catalyst. The oxidation of carbon tetrachloride would produce mostly
carbon dioxide, hydrochloric acid, and water vapor. Similar to the other
onsite carbon tetrachloride conversion processes, the hydrochloric acid in the
exhaust may need treatment prior to discharge.

4.3.3.1 High-Efficiency Catalytic Oxidation. This treatment alternative
would use a standard catalytic oxidation unit with a specialized catalyst to
convert the carbon tetrachloride in the soil vapor stream as it passed through
the unit.

4.3.3.2 High-Efficiency Catalytic Oxidation with Acid Scrubbing. This
treatment alternative is the same as just described using the standard
catalytic oxidation unit, with an additional process step. Acid scrubbing
would be utilized to reduce the effluent of hydrochloric acid produced during
the conversion of the carbon tetrachloride.

4.3.3.3 Ultra-High-Efficiency Catalytic Oxidation. This treatment
alternative would use an advanced catalytic oxidation unit to achieve a
greater carbon tetrachloride conversion efficiency than the standard unit
previously discussed.

4.3.3.4 Ultra-High-Efficiency Catalytic Oxidation With Acid Scrubbing. This
treatment alternative is the same as just described using an advanced
catalytic oxidation unit, with an additional process step. Acid scrubbing
would be utilized to reduce the effluent of hydrochloric acid produced during
the conversion of the carbon tetrachloride.

4.3.4 Incineration

This process applies heat to thermally destroy hazardous organic
compounds. As with catalytic oxidation, this process would convert the carbon
tetrachloride into mostly carbon dioxide, hydrochloric acid, and water vapor.
Similar to the other onsite carbon tetrachloride conversion processes, the
hydrochloric acid in the incinerator exhaust may need treatment prior to
discharge.

4.3.4.1 High-Efficiency Thermal Oxidation. This treatment alternative would
use a standard thermal oxidation unit to convert the carbon tetrachloride in
the soil vapor stream as it passed through the unit.

4.3.4.2 High-Efficiency Thermal Oxidation with Acid Scrubbing. This
treatment alternative is the same as just described using the standard thermal
oxidation unit, with an additional process step. Acid scrubbing would be
utilized to reduce the effluent of hydrochloric acid produced during the
conversion of the carbon tetrachloride.

4.3.4.3 Ultra-High-Efficiency Thermal Oxidation. This treatment alternative
would use an advanced thermal oxidation unit to achieve a greater carbon
tetrachloride conversion efficiency than the standard unit previously
discussed.

26



DOE/RL-91-32
Draft B

4.3.4.4 Ultra-High-Efficiency Thermal Oxidation with Acid Scrubbing. This
treatment alternative is the same as just described using the advanced thermal
oxidation unit, with an additional process step. Acid scrubbing would be
utilized to reduce the effluent of hydrochloric acid produced during the
conversion of the carbon tetrachloride.

4.4 HYDROCHLORIC ACID TREATMENT PROCESSES

The carbon tetrachloride treatment processes that convert the carbon
tetrachloride onsite produce hydrochloric acid. The installation of a
scrubber system to reduce the hydrochloric acid emissions may be required.
Both wet and dry scrubber systems are readily available for this purpose. The
wet scrubber effluent (dilute aqueous acid solution) would require additional
treatment and disposal. The dry scrubber effluent (calcium chloride) may
require additional treatment and would require disposal.

4.4.1 Wet Scrubber Alternatives

Three wet scrubber alternatives are considered. Each alternative would
use a standard wet scrubber to remove the hydrochloric acid from the effluent
and each would deal with the resultant wastewater in a different way.

4.4.1.1 Wet Scrubber with Evaporation Ponds. This treatment alternative
would direct the wastewater from the scrubbing operation to ponds where it
would be neutralized and volume reduced by solar evaporation. Thi salt cake
left behind by the evaporation process might need further treatment and would
require disposal.

4.4.1.2 Wet Scrubber with Discharge to 282WA Reservoir. This treatment
alternative would direct the wastewater from the scrubbing operation to the
282WA Raw Water Reservoir of the power plant. The water would be treated with
all of the other raw water by systems that are already in place and operating.

-. No salt cake or other secondary waste would require treatment or disposal.

e 4.4.1.3 Wet Scrubber with Mechanical Evaporator. This treatment alternative
would direct the wastewater from the scrubbing operation to a mechanical
evaporator where it would be neutralized and volume reduced by mechanical
processes and heat. The salt cake left behind by the evaporation process
might require further treatment and would require disposal.

4.4.2 Dry Scrubber Alternative

This treatment alternative would use a dry scrubber with a neutralizing
chemical to remove the hydrochloric acid from the effluent. In contrast to
the wet scrubber alternatives, this alternative would use no water. The
calcium chloride formed during the acid scrubbing operation might require
further treatment and would require disposal.
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4.5 VAPOR EXTRACTION AND TREATMENT PILOT TEST

During April 1991, a VES pilot test was conducted in the 216-Z-1A Tile
Field to determine the feasibility of conducting vapor extraction for the
full-scale ERA cleanup. Specifically, the test was designed to determine:
(1) the suitability of using existing wells for extraction, (2) if subsurface
conditions are adequate for vapor extraction, (3) if sufficient quantities of
carbon tetrachloride are present for remediation using vapor extraction,
(4) if there are any co-contaminants present, (5) the technical feasibility of
extracting carbon tetrachloride vapor from radiologically-contaminated soils,
(6) if there are any safety concerns related to using this technology in a
radiologically-contaminated area, and (7) engineering input parameters for the
full-scale VES to be potentially implemented in the ERA. Test design,
methodology, operations, results, and full-scale design are discussed in
detail in the test report (Appendix F2).

4.5.1 Test System Design

The test system consisted of using a VES that included carbon adsorption
canisters for collection of the carbon tetrachloride. The system was
connected to extraction wells in the 216-Z-JA Tile Field of the 200 West Area.
The VES was designed to vent a maximum of 500 cfm of soil vapor at a venting
vacuum of 150 in. w.g. (381 cm). Major system components consisted of a water
separator, an electric preheater, carbon canisters, a vacuum pump (50 to 500
cfm [1,416 to 14,160 L/min] flowrate capability), and a 20-ft (6-m) exhaust
stack. The VES was modified to include both radiological and organic
detection and warning systems that would automatically shut down the system if
thresholds were exceeded. The system was also equipped with prefilters and a
HEPA filter to contain potential radiological particulates.

Existing wells within and outside the 216-Z-1A Tile Field were
successfully used as extraction wells. The carbon-steel well casings were
perforated in four vadose wells at up to three intervals. The intervals were
isolated with straddle packers for the testing. Existing wells were used
rather than installing new wells, due to the time, cost, and safety concerns
involved with installation of new wells in radiologically-contaminated soils.
Wells used for extraction did not penetrate the caliche layer (Chapter 2.0 and
Appendix B) and therefore the test is not indicative of conditions in and
below this layer.

4.5.2 Operations

Testing was conducted at various wells, well depth intervals, and
durations to measure concentrations of VOCs and the properties of the
subsurface. Vapor samples were taken from inlet piping for laboratory
analyses. The VOC and radiological concentrations, vacuum, barometric
pressure, temperature, and flowrates were all monitored in real time and
recorded on a computerized data acquisition system.

Radiation and VOCs were monitored in and around the system with
hand-held instrumentation as a redundant safeguard for onsite personnel.
Field precautions were implemented at each wellhead hose connection by using
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double-sleeved bags to contain potential radiological contaminants while
accessing the wellbore. Samples from constant air monitoring, regulatory
compliance filters, and carbon canisters were analyzed for radiological
particul-ates.

Radiological control and exclusion zones were set around the VES, and
each well used for extraction and monitoring. Site workers were required to
have hazardous and radiological training and medical examinations before
entering the exclusion zone and were surveyed for radiological contamination
upon exiting the exclusion zones. Work at the site required personal
protective equipment ranging from level D to level C and provisions for level
B, depending on atmospheric conditions and the task required. The personal
protective equipment was compatible for both chemical and radiological
protection.

4.5.3 Nature and Extent of Carbon Tetrachloride
and Co-contaminants

'4 Vapors extracted during testing consisted principally of carbon
tetrachloride. Trace amounts of chloroform and 2-butanone were also detected;
however, 2-butanone may result from laboratory contamination. Analyses for
semivolatiles have been delayed due to malfunction of laboratory equipment and
are not available for this report. Naturally-occurring radon gas and

r' associated daughter products were extracted from the wells also.

During a venting test at a well near the center of the tile field at
about 60 cfm (1,700 L/min) for 24 h, carbon tetrachloride vapor concentrations
quickly stabilized at about 200 p/m vol, and about 8 lb (3.6 kg) of carbon
tetrachloride were removed during the test. A second test was performed by
venting a well at the outer edge of the tile field at about 300 cfm (8,500
L/min) for about 80 h. The carbon tetrachloride vapor concentration increased
steadily to about 600-700 p/m vol with a peak concentration of 915 p/m vol.
About 300 lb (1136 kg) of carbon tetrachloride were removed during the 80-h
test.

4.5.4 Permeability

Air permeability of a silty-sand layer about 18 m (60 ft) below ?round
surface ranged from 2 x 10-8 to 3.7 x 10~ cm/s (7.9 x 10' to 1.5 x 10 in/s).
The literal radius of influence extended at least 18 m (60 ft) away at
8.6 m /min (304 cfm). A vacuum of about 1.5 in. w.g. (3.8 cm) was observed
17 m (56 ft) above the vented interval 18 m (60 ft) away, indicating
significant vertical influence. Subsurface soils in the area are sufficiently
permeable for using the VES.
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5.0 ENGINEERING EVALUATION AND COST ANALYSIS

The EE/CA involves a two-step process that focuses on each of the
categories of alternatives described in Chapter 4.0 of this proposal. Alter-
natives that were eliminated in the Preliminary Screening (Chapter 3.0) are
not included in the EE/CA. The first step is the application of screening
factors to the action/alternatives. The two screening factors are
(1) compliance with applicable or relevant and appropriate requirements
(ARARs) and (2) protection of the environment and public health. The
alternatives that satisfy the threshold screening factors are then subjected
to selection criteria in the second process step. The alternative that passes
the screening factors and ranks highest among the selection criteria becomes
the preferred remedial alternative. A summary of the VES treatment
alternatives is presented in Table 4. A summary of the hydrochloric acid
treatment alternatives is presented in Table 5. The preferred alternative is
discussed in Section 5.3.

5.1 SCREENING FACTOR EVALUATION

Protection of public health and the environment screening is based on an
evaluation of overall effectiveness, i.e., reducing or eliminating current or
possible future exposure of the public or wildlife to hazardous substances.
The ARARs screening is based on the National Oil and Hazardous Substances
Pollution Contingency Plan (EPA 1990) requirement to eliminate alternatives or
justify waivers for alternatives.that do not meet ARARs.

The alternatives for vapor extraction wells and extracted vapor
treatment were evaluated for the threshold screening factors. The evaluation
is summarized in Table 6 and discussed in the following sections.

5.1.1 ARARs

Though this ERA is an interim action and the ARARs are only guidelines,
as. the interim action will be consistent with the final action and, as such,

adherence will be made to the ARARs.

The most directly applicable requirements that a VES may have to meet
are those regarding discharges to the atmosphere. The draft Washington Toxic
Air Pollutant regulations (WAC 173-460) are anticipated to restrict carbon
tetrachloride and hydrochloric acid concentrations (emitted from a vapor
treatment system) It the Hanford Site boundary to limits of 0.067 and
23.3 pg/M (1 x 10? and 1.5 x 102 p/m vol). Actual limits and emission
control technology must be negotiated to satisfy a general requirement for
best available control technology.
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Costs of Total costs of

coCts of costs of arnu&4 Secondary waste Time annuat
MCL treatment instaLing operations Secondary Secda handLing and until TotaL costs operations and
atternative equipment utilities and waste type waste amount disposal costs start for start-up waste

feedstocks (yr)
(yr)

No treatment so $0 so Mone Mone 30 0 d 0 0

Wet scrubber 367,000 119,100,000 $64,000 SaLt Cake 290 tons/yr $58,000 4-5 yr $19,167,000 $122,000
with
evaporation

Wet scrubber 167,000 $260,000 362,000 DiLute Brine 18,400,000 s0 1.3 yr £327,000 $62,000
with discharge Solution gal/yr
to 282WA
Reservoi r

Wet scrubber $1,067,000 $100,000 $130,000 Salt Cake 290 tons/yr $58,000 1.3 yr $1,167,000 $188,000
with
mechanicaL
evaporator

Dry scrttber $490,000 so S32;000 CaC., 350 tons/yr $70,000 7 mo £490,000 $102,000

NOTES: ALL vaLues are approximate and may be changed as further information is acquired.

For the purposes of this tabLe, it is assuned that two identical systems are operating
simuLtaneously, each with a flow rate of 1400 acfm and a CCL loading of 500 Lbs/day.
The CCL is converted and the subsequent HCt Loading is 500 kbs/day/system.
The Qmrs shown represent the comtined flows of the two systems.
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Table 6. Evaluation of Remedial Technologies for
EE/CA Screening Factors.

Screening factors Retained
Alternative ARAR for

Protect public health Protect environment evaluation

Extraction/injection wets

Horizontal and State Well Public health risks Source of contamination Yes
angle welts Construction associated with waste reduced. Potential

Vertical wells Permit required are reduced contaminant migration is
reduced. (Assuming
treatment of extracted
vapor)

Extracted vapor treatment

No treatment May violate Clean Public health risk Potential contaminant No
Air Act, not reduced or migration offsite is
Washington Model eliminated uncontrolled.
Toxics Control Environmental risk is not
Act, and other reduced or eliminated.
statutes

carbon adsorption, Can comply with Public health risks Source of contamination Yes
Catalytic oxidation, air emissions and associated with waste reduced. Potential
Incineration other ARARs if reduced contaminant migration is

enough equipment reduced.
Sisused I I-

Recently adopted federal RCRA regulations for control of organic
chemical waste emissions to the atmosphere in 40 CFR 264, Subparts AA and BB
may be applicable to other remedial alternatives that involve condensation and
follow-up treatment of liquid carbon tetrachloride. These regulations impose
specific monitoring and control measures on distillation and other processes,
and leak detection and repair requirements for valves, vents, pumps, and other
equipment.

Another common type of regulated waste that may be generated by two or
more alternative systems is spent or loaded activated carbon. As with
contaminated water condensate, it would have to be managed according to
applicable dangerous waste, RCRA, and U.S. Department of Transportation (DOT)
regulations. Onsite burial is prohibited.

The fourth type of regulated waste is radioactive material. Limited
amounts of natural radioactive elements (e.g., radon) are expected to be
extracted from the soil. State regulations for notification of actions
involving potential releases of radionuclides and federal rules for limiting
potential exposure of the public apply to the proposed action. However, no
man-made radionuclides will be intentionally removed from the disposal sites.
Incidental removal of fission products from the soil can be entirely avoided
or limited to extremely low levels, according to the results of the pilot test
conducted at the 216-Z-JA Tile Field.
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Accumulation of radioactive particulates in the inlet HEPA filter would
result in unnecessary personnel exposures when the filters are removed for
disposal. If such accumulations occur at initial extraction locations, the
accumulations of radionuclide particulates cannot be avoided, and the entire
project may be closed down. In any case, radiation emissions will be
minimized or avoided entirely.

The regulations that are considered potentially applicable are listed in
Table 7.

Table 7. Summary of Environmental Regulations Applicable to the
200 West Area Carbon Tetrachloride ERA.

Regulation Applicable Coments

WAC 246-247 (formerly WAC 402-80) Yes If radionuclides are extracted during the test,
(RAEP) pre-operational notification to DON is required.

40 CFR 61 (NESHAPs) No Applicable only if extracted radionuclides result in a
dose of 0.1 mrem or greater, using 40 CFR 61, Appendix D
methodology.

WAC 173-400 (PSD) No Unless emitting large quantities of carbon tetrachloride
(more than 40 tons/yr).

40 CFR 264-265, Subpart AA and BB Possible CERCLA actions of this type are specifically excluded from
(RCRA Organic Air) permitting, but compliance may be required.

40 CFR 264, Subpart 0 Yes 99.99% conversion'efficiency of carbon tetrachloride in
Incinerators - thermal units <4 lb/h HCL in emissions.

State TAP Regulations WAC 173-460 Yes ASIL for carbon tetrachloride is 0 3067 gg/m3 (annual
average) ASIL for HCI is 23.3 gg/m (24-h average)

CERCLA Reportable Quantities Yes Reportable quantities are over
(40 CFR 302) 4.5 kg carbon tetrachloride/day/disposal site and 2,270 kg

HCL/day/disposal site.

WAC 173-160 Yes Well construction standards.

ASIL =
CC14  =DON -

C' HCI =
NESHAPs
PSD
RAEP
TAP
T-BACT

Acceptable Source Impact Level
Carbon Tetrachloride
Washington Department of Health.
Hydrochloric Acid
National Emissions Standards for Hazardous Air Pollutants
Prevention of Significant Deterioration
Radiological Airborne Emission Program
Toxic Air Pollutants
Best Available Control Technology for Toxics

In addition, certain DOE orders and Westinghouse Hanford procedures
apply to the proposed action. As part of the standard procedures for planning
and implementing any DOE/Westinghouse Hanford environmental remediation
activity, the requirements to limit personnel radiation exposure to as low as
reasonable achievable (ALARA) are especially applicable to the proposed
action. Several primary DOE orders, Westinghouse Hanford procedures, American
National Standards Institute (ANSI), and Nuclear Regulatory Commission
regulations that may apply to this ERA are listed in Table 8.
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Table 8. Regulations and Procedures That May Apply to
the 200 West Area ERA.

Regulations and Procedures Title

ANSI N 13.6 Practice for Occupational Radiation Exposure Records Systems

ANSI N42.18-1980 Specification and Performance of Onsite instrumentation for Continuously Monitoring Radioactivity in
Effluents

ANSI N323-1978 Radiation Protection Instrumentation Testing and Calibration
DOE Memorandum W.A. Vaughn, August 5, 1985, Radiation Standards for Protection of the Public in the Vicinity of DOE

Facilities
DOE Order 5400.1 Guide Environmental Protection Program
DOE Order 5400.5 Radiation Protection of the Public and the Environment
Draft DOE Order 5400.xx Radiation Protection of the Public and Environment
Draft DOE Order 5400.xy Radiological Effluent Monitoring and Environmental Surveillance
DOE Order 6480.10 Contractor Industrial Hygiene Program
DOE Order 5480.4 Environmental Protection, Safety, and Health Protection Standards
DOE Order 5480.11 Radiation Protection for Occupational Workers
DOE Order 5484.1 Environmental Protection, Safety, and Health Protection Information Reporting Requirements
DOE Order 5820.2A Radioactive Waste Management
DOE Order 6430.1 General Design Criteria
DOE/EP - 0096 A Guide for Effluent Radiological Measurements at DOE Installations
DOE-RL, March 1987 Plan and Schedule to Discontinue Disposal of Contaminated Liquid, into the Soil Column at the Hanford

Site
DOE-RL Implementation Plan for Hanford Site Compliance to DOE Order 5820.2, Radioactive Waste

Management, August 1985
DOE-RL-89-18 Environmental Protection implementation Plan
DOE-RL Order 5480.11A Requirements for Radiation Protection
DOE-RL Order 5484.1 Effluent and Environmental Monitoring Program Requirements, Chapter III
NRC Title 10, Code of Federal Regulations, Part 20, Standards for Protection Against Radiation
WHC-CM-1-1 (WHC 1987b) Management Policies
WHC-CM-1-3 (WHO 1988f) Management Requirements and Procedures Manual
WHC-CM-2-1 (WHC 19881) Procurement Manual
WHC-CM-2-14 (WHC 1988d) Hazardous Material Packaging and Shipping
WHC-CM-4-1 (WHC 19881) WHC Emergency Plan
WHC-CM-4-3 (WHC 1987a) Industrial Safety Manual, Volumes 1 and 4
WHC-CM-4-11 (WHC 1988a) ALARA Program
WHC-CM-5-10 (WHC 1988]) Radiation Protection
WHC-CM-5-16 (WHC 1988ae) Hazardous Waste Management
WHC-CM-7-4 (WHO 1988g) Operational Environmental Monitoring
WHC-CM-7-5 (WHO 1988c) Environmental Compliance
WHC-CM-7-6 (WHC 1991a) Environmental Compliance Verification Manual
WHC-CM-B-6 (WHC 1988k) Site Support
WHC-CM-8-7 (WHC 1988h) Operations Support Services
WHC-EP-0137 (WHC 1988b) Best Available Technology (BAT) Guidance document for the Hanford Site

5.1.2 Protection of Public Health and the Environment

Operation of the vapor extraction and treatment equipment will not have
a significant adverse impact on public health or the environment.
Implementation of the preferred alternative is expected to minimize the
potential for further plume migration. The greatest hazard associated with
normal operation of the VES is the release of hydrochloric acid vapor and a
small concentration of carbon tetrachloride vapor.
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During the test phase, sample results indicated that there were only
three chemical contaminants detected. The vapors extracted during testing
consisted primarily of carbon tetrachloride. Trace amounts of chloroform and
2-butandne were also detected. The quantities of these contaminants are much
smaller than the quantities of carbon tetrachloride and the toxicity of both
chloroform and 2-butanone are less than carbon tetrachloride. The test
assessment identified these contaminants as chemicals that were expected to be
vaporized and removed during the overall remediation phase. During the test
phase, concentrations of volatile organic compounds (VOC) were not detected
outside the VES.

Protection of the occupational worker will involve monitoring the VES
unit in areas where fittings, hose connections, carbon canisters, and positive
pressure points are located. Also in-line monitors, calibrated to detect
concentrations below the time weighted average (TWA) exposure limits, and
interlocks to shutdown the process, in the event concentrations exceed these
limits, should be provided. This is required to minimize the potential
exposure to the occupational worker to concentrations of carbon tetrachloride

re' that may exceed the TWA limits identified in the National Institute for
Occupational Safety and Health (NIOSH) guidelines.

Detection capability will involve the use of instrumentation (i.e., gas
chromatograph) calibrated to measure concentrations of carbon tetrachloride or
other VOCs. Concentrations that may be detected around the VES unit exceeding
the toxicity limit values will require maximum protection that ensures -

occupational exposures from carcinogens be limited to the lowest feasible
concentrations.

Each active carbon tetrachloride treatment alternative would provide
increased protection and decrease future risks to public health and the
environment by removing carbon tetrachloride from the effluent.

Each of the remedial alternatives could be implemented within 1 yr or
less. This time period is short in comparison with the carbon tetrachloride
vapor travel time from Z Plant to the 200 West Area boundary.

No impacts to site workers, the public, or the environment are expected
due to the presence of man-made radionuclides in the subsurface soils at the
ERA site. Plutonium and americium are not expected to be extracted during
operations (WHC 1991). Sampling associated with vapor extraction tests and
follow-up sampling of the system components resulted in no detection of
americium or plutonium. However, several precautions will be taken in the
event that plutonium and americium are extracted from the soil. The vapor
extraction system will require alpha and beta CAMs and a set of two high-
efficiency particulate air filters. If granular activated carbon (GAC) is
used to collect the carbon tetrachloride, a routine survey program will also
be needed to monitor the GAC canisters for excessive external gamma exposure.
The system will be shutdown if the measurable activity exceeds 6,000 cpm.

Sampling associated with vapor extraction tests conducted at the ERA
site resulted in the detection of low concentrations of naturally-occurring
radon daughter products (Appendix F2). If GACs are used for the collection of
carbon tetrachloride, the GACs may become saturated by radon. A gamma
exposure problem could occur if the radon buildup in the GAC were to reach an
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activity of 6,000 cpm on the outside of a GAC canister. If this occurs, the
system would be shutdown. A beta CAM, placed upstream of the GAC canisters,
would alarm if enough radon is pulled to saturate the GAC canisters. A
routing survey program will also be needed to monitor the GAC canisters for
excessive external gamma exposure. The system will be shutdown if the
measurable activity exceeds 6,000.

Potential impacts, of the extraction and treatment of carbon
tetrachloride, to the public were assessed in two separate modeling efforts.
The EPA-approved SCREEN model was used in one effort and the EPA-approved
Industrial Source Code Short Term (ISCST) and COMPLEX1 models were used in the
other effort. The summary of the SCREEN modeling results are shown in Table 9
and the summary of the ISCST and COMPLEX1 modeling results are shown in
Table 10. Effluent parameters used in the modeling are shown in Table 11.

5.1.2.1 Air Dispersion Modeling - SCREEN. The SCREEN model provides an
easy-to-use, comparatively conservative, method of obtaining pollutant
concentration estimates. It requires the user to input various emission data
(e.g., emission rate and velocity, stack height and diameter, exit and ambient
temperatures, receptor distance, etc.) and the results are expressed as
estimated maximum 1-h concentrations that can be converted to 24-h or annual
average concentrations. Impacts were assessed for an individual assumed to be
residing near the Hanford Site boundary about 12.4 km (7.7 mi) from the ERA
site. Worst-case meteorological conditions were also considered.

The SCREEN model was run fbr the proposed two-YES design discussed in
Chapter 4.0. The results of the SCREEN model indicate the concentration of
carbon tetrachloride at the Hanford Site boundary would be greater than the
allowable 0.067 pg/m 3 for all of the vapor treatment alternatives. Similarly,
the concentration of hydrochloric acid at the Hanford site boundary for these
alternatives producing the acid and not scrubbing would be greater than the
allowable 23.3 pg/mn3. Those alternatives that scrub the acid and those not
producing the acid would have Hanford Site boundary concentrations of
hydrochloric acid below the allowable limit.

5.1.2.2 Air Dispersion Modeling - COMPLEXI and ISCST. Emissions from the
proposed two-VES design were modeled using EPA dispersion models and onsite
meteorology. Ambient concentrations of carbon tetrachloride and hydrochloric
acid were calculated for the Hanford boundary, the Federal Building in the
city of Richland, and for the area immediately surrounding the VES exhaust
stacks. Maximum 24-h and annual average concentrations were calculated at the
Hanford boundary and Federal building. Maximum 8-h, 24-h, and annual average
concentrations were determined for the area immediately surrounding the VES
exhaust stacks. Isopleth maps of dispersion coefficients for the area
surrounding the VES were produced (Appendix H).

Onsite meteorologic data were used in the analysis. The data were
collected at the Hanford meteorological tower, located between the 200 East
and 200 West Areas. Data used in the analysis included wind speed, wind
direction, ambient temperature, mixing height and stability class. The data
were processed into files compatible with the dispersion programs.
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Table 9. Results of SCREEN Modeling.

Distance (metors) 25 100 200 4,500 10,461 12,400

No treatment
Carbon tetrachloride (pg/m3 )

Hydrochloric acid (pg/m 3
)

Carbon with Offaite Regeneration

Carbon tetrachloride (pg/m
3

m

Hydrochloric acid (pg/m 3 )

0 1354 691 34.2 12.0

0 0 0 0 0

9.67

0

0 13.6 6.91 0.34 0.12 0.097
0 0 0 0 0 0

Carbon Regenerated Onsite with Offsite Treatment of Condensate

Carbon tetrachloride (pg/m 3)
Hydrochloric acid (pg/m 3)

Carbon Regenerated Onsite by Ultraviolet Light - Ozone

Carbon tetrachloride (pg/m 3
)

Hydrochloric acid (pg/m 3)

Carbon Regenerated Onsite by Ultraviolet Light - Ozone with Acid Scrub

Carbon tetrachloride (pg/m
3)

Hydrochloric acid (g/m 3 )

High-Efficiency Catalytic Oxidation
Carbon tetrachloride (pg/m3)

Hydrochloric acid (pg/m 3 )

Hioh-Efficiency Catalytic Oxidation with Acid Scrub
Carbon tetrachloride (pg/m)
Hydrochloric acid (pg/rn3)

Ultra-High-Efficiency Catalytic Oxidation
Carbon tetrachloride (pg/m3)
Hydrochloric acid (pg/m 3)

Ultra-High-Efficiancy Catalytic Oxidation with Acid Semb

Carbon tetrachloride (pg/m3)

Hydrochloric acid (pg/m 3 )

High-Efficiency Thermal Oxidation

Carbon tetrachloride (pg/m3)
Hydrochloric acid (pg/m 3 )

High-Efficiency Thermal Oxidation with Acid Scrub

Carbon tetrachloride (pg/m3n

Hydrochloric acid (pg/m 3 )

Ultra-High-Efficiency Thermal Oxidation

Carbon tetrachloride (pg/m 3)
Hydrochloric acid (pg/m 3)
Ultra-High-EfficIency Thermal Oxidation with Acid Scmb
Carbon tetrachioride pg/m3)
Hydrochloric acid (pg/m 3)

0 27.1 13.8 0.68 0.24

0 0 0 0 0

0 27.1 13.8 0.68 0.24

0 5459 2786 138 48.3

0 27.1 13.8 0.68 0.24

0 1040 531 26.3 9.20

0 30.3 17.9 0.67 0.24

0 6110 3605 135 47.6

0 30.3 17.9 0.67 0.24

0 * 1164 687 25.8 9.06

0.19
0

0.19
39.0

0.19
7.42

0.19
38.4

0.19

7.32

0 15.2 8.94 0.34 0.12 0.095
0 6110 3605 135 47.6 38.4

0 15.2 8.94 0.34 0.12
0 1164 687 25.8 9.06

0 30.3 17.9 0.67 0.24
0 6110 3605 135 47.6

0 30.3 17.9 0.67
0 1164 687 25.8

0 15.2 8.94 0.34

0 6110 3605 135

0.24
9.06

0.12
47.6

0 15.2 8.94 0.34 0.12

0 1164 687 25.8 9.06

0.095
7.32

0.19
38.4

0.19
7.32

0.095
38.4

0.096
7.32
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Table 10. Results of ISCST and COMPLEXI Modeling.
Maximun concentrations near VES

Treatment alternatives CC4 Concentrations (g/m3)

8 hr 24 hr Annual

(sheet 2 o 2)

HCL Concentrations (gg/m3

8 hr 24 hr Annual

No treatment

GAC with offsite regeneration

GAC regeneration onsite with offsite
treatment of condensate

GAC regenerated onsite by UVOX

GAC regenerated onsite by UVX with acid
scrub

High-efficiency CATOX

High-efficiency CATOX with acid scrub

Ultra-high-efficiency CATOX

Ultra-high-efficiency CATOX with acid
scrub

High-efficiency THERMOX

High-efficiency THERMOX with acid scrub

Ultra-high-efficiency THERMOX

Ultra-high-efficiency THERMOX with acid
scrub

2300 1700 140

23 17 1.4

23 17 1.4

47 33

47

23

23

11

11

23

23

11

33

15

15

7.3

7.3

15

15

7.3

11 7.3

2.9

2.9

1.4

1.4

0.70

0.70

1.4

1.4

0.70

0.70

MAXIWJM CONCENTRATIONS AT HANFORD RESERVATION BOUNDARY

Treatment alternatives Cdt 4 Concentrations

24 hr

No treatment

GAC with offsite regeneration

GAC regeneration onsite with offsite
treatment of condensate

GAC regenerated onsite by UVOX

GAC regenerated onsite by UVOX with acid
scrub

High-efficiency CATOX

High-efficiency CATOX with acid scrub

Ultra-high-efficiency CATOX

Ultra-high-efficiency CATOX with acid
scrub

High-efficiency THERMOX

High-efficiency THERMOX with acid scrub

Ultra-high-efficiency THERMOX

Ultra-high-efficiency THERMOX with acid
scrub

9.7

0.097

0.097

0.19

0.19

0.20

0.20

0.098

0.098

0.20

0.20

0.098

0.098

(g/m3)

Annual

0.48

0.048

0.048

0.0097

98 70

19

48

9.1

48

9.1

48

9.1

48

13

31

5.9

31

5.9

31

5.9

31

6.1

1.2

3.0

0.56

3.0

0.56

3.0

0.56

3.0

9.1 5.9 0.56

HCI Concentrations (gg/m3)

24 hr Annual

0.41

0.0097

0.0091

0.0091

0.0045

0.0045

0.0091

0.0091

0.0045

0.0045

0.077

0.41

<0.079

0.41

<0.079

0.41

<0.079

0.41

0.020

0.0039

0.019

0.0036

0.019

0.0036

0.019

0.0036

0.019

<0.079 0.0036
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Table 10. Results of ISCST and COMPLEXI Modeling. (sheet 2 of 2)

MAXIHUM CONCENTRATIONS AT FEDERAL BUILDING IN RICHLAND,

Treatment alternatives CCL 4 Concentrations (g/,3)

24 hr Annual

WASHINGTON

HCl Concentrations

24 hr

No treatment

GAC with offsite regeneration

GAC regeneration onsite with offsite
treatment of condensate

GAC regenerated onsite by UVOX

GAC regenerated onsite by UVOX with acid
scrub

High-efficiency CATOX

High-efficiency CATOX with acid scrub

Ultra-high-efficiency CATOX

Ultra-high-efficiency CATOX with acid
scrub

High-efficiency THERMOX

High-efficiency THERMOX with acid scrub

Ultra-high-efficiency THERMOX

Ultra-high-efficiency THERMOX with acid
scrub

The modeling assumed that two identical
1400 acfm and a CCL4 loading of 500 Ib/d.
locations.

GAC = Granular Activated Carbon
UVOX = Ultraviolet Light - Ozone
CATOX = Catalytic Oxidation

THERMOX = Thermal Oxidation
CCL4  Carbon Tetrachloride
HCL - Hydrochloric Acid

1.5 0.12

0.015 0.0012

0.015 0.0012

0.029

0.029

0.029

0.029

0.015

0.015.

0.029

0.029

0.015

0.015

0.0023

0.0023

0.0021

0.0021

0.0010

0.0010

0.0021

0.0021

0.0010

0.0010

systems are operating simultaneously, each with a
The nombers shown are the results of the modeling

0.062 0.0049

0.012

0.061

0.012

0.061

0.012

0.061

0.021

0.061

0.00093

0.0043

0.00083

0.0043

0.00083

0.0093

0.00083
0.0043

0.021 0.00083

flow rate of
for the given
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Table 11. Effluent Parameters for Treatment Alternatives for
One Vapor Extraction System.

Treatment Flow Amount of Amount of Temperature Stack Stack Exit
alternative (acfm) CC14 (tb/d) HCL (*F) Height Diameter Velocity

(lb/h) (ft) (in.) (fps)

No treatment 1,400 500 0 100 15 8 67

GAC with offsite 1,400 5 0 100 15 8 67
regeneration

GAC regenerated 1,400 5 0 100 15 8 67
onsite with
offsite
treatment of
condensate

GAC regenerated 1,400 10 21 100 15 8 67
onsite by UVOX

GAC regenerated 1,400 10 <4 100 15 8 67
onsite by UVOX
with acid scrub

High-efficiency 2,300 10 21 350 15 8 110
CATOX

High-efficiency 2,300 10 <4 350 15 8 110
CATOX with acid
scrub

Ultra-high- 2,300 5 21 350 15 8 110
efficiency CATOX

Ultra-high- 2,300 5 <4 350 15 8 110
efficiency CATOX
with acid scrub

High-efficiency 2,300 10 21 350 15 8 110
THERMOX

High-efficiency 2,300 10 <4 350 15 8 110
THERMOX with
acid scrub

Ultra-high- 2,300 5 21 350 15 8 110
efficiency
THERMOX

Ultra-high- 2,300 5 <4 350 15 8 110
efficiency
THERMOX with
acid scrub

NOTE: Alt vaLues are approximate and may be changed as further information is acquired.

GAC
UVOX

CATOX
THERMOX

CCLI
HCt

Granular Activated Carbon
Ultraviolet Light - Ozone
Catalytic Oxidation
Thermal Oxidation
Carbon Tetrachloride
Hydrochloric Acid
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The EPA modeling guidance includes procedures for determining stability
class. The meteorological data provided by Battelle Northwest include
stability class data. The EPA recommends that stability class data be derived
from the standard deviation of the wind direction, or from night-time vertical
temperature difference and day-time solar radiation measurements, adjusted
wind speed classes, or from solar radiative indices determined from cloud
cover and ceiling heights. Stability class data for this modeling effort were
derived from vertical temperature differences. During data processing for
this study, the stability class was not allowed to change by more than one
stability class per hour.

Maximum offsite concentrations resulting from emissions from the VES
were determined. Ambient concentrations of carbon tetrachloride and
hydrochloric acid were calculated at a series of receptors spaced
approximately every 2 km (1.2 mi) along the Hanford Site boundary. An
additional receptor was included to represent the Federal Building in the city
of Richland. A total of 77 receptors was included in this aspect of the
modeling. This grid system included terrain elevations. Because the Hanford
boundary crosses Rattlesnake Mountain and goes part way up the Wahluke Slope,
many of the receptors are at elevations higher than the top of the VES exhaust
stacks. The elevated terrain, the noncollocated sources, and the rural
environment indicate that use of the COMPLEXI model is appropriate for
determining the maximum offsite concentrations resulting from the VES
emissions.

Maximum carbon tetrachloride and hydrochloric acid concentrations were
also determined for the area immediately surrounding the VES. The area
surrounding the VES is relatively level. Therefore, the ISCST Model is
appropriate for this application. The model was allowed to generate a polar
coordinate receptor field centered on the VES exhaust stack of the system
operating near the 216-Z-1A Tile Field. The grid system consisted of 36
radials and 32 downwind directions. The downwind distances were spaced at
100-m (62-mi) intervals out to 1 km (0.6 mi), 200-m (660-ft) intervals out to
4 km (2.5 mi), and 500-m (1,640-ft) intervals out to 7.5 km (4.7 mi).

Five years of Hanford meteorology were processed and used as input to
Ct the COMPLEX1 and ISCST models. The various treatment alternatives

investigated have different emission rates. However, only two different
combinations of exit temperatures and flowrates are expected (100*F [38"C] and
67 ft/s [20 m/s], 350*F [177 0C] and 110 ft/s [34 m/s]). Therefore, only two
cases were actually modeled. Each case was modeled for all 5 yr of
meteorology, for the boundary receptors and for the receptors near the VES.
For each case and receptor field, the maximum annual, 24-h and 8-h
concentration were tabulated.

The maximum offsite concentration is located 26.1 km (16.2 mi) directly
east of the VES, at a ground elevation of 200 m (660 ft). The location of 'the
maximum 4-h offsite concentration is 13.1 km (8.1 mi) west of the VES at an
elevation of 300 m (980 ft).

The results of the modeling indicate that the allowable concentration of
carbon tetrachloride at the Hanford Site boundary would not be exceeded by any
of the treatment alternatives except "No Treatment". The "No Treatment"
alternative is excluded from further consideration as a potential treatment,
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but is included in the discussions for comparative purposes. The concentration
of hydrochloric acid at the Hanford Site boundary for all the alternatives,
both with acid scrubbing and without, would not exceed the allowable limit.

The abilities of the vapor treatment alternatives to meet the six ARARs
are shown in the following subsections. The abilities to meet the ARARs are
based on the two-system design with both systems operating. The ability to
meet the Acceptable Source Impact Level (ASIL) is based on the results of the
COMPLEX! modeling for expected concentrations at the Hanford Site boundary.

5.1.2.2.1 No Treatment.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency N/A
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride No
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride No
Reportable Quantity for Hydrochloric Acid Yes

5.1.2.2.2 Carbon with Offsite Regeneration.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency 'N/A
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride Yes
Reportable Quantity for Hydrochloric Acid Yes

5.1.2.2.3 Carbon Regenerated Onsite with Offsite Treatment of
Condensate.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency N/A
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride Yes
Reportable Quantity for Hydrochloric Acid Yes

5.1.2.2.4 Carbon Regenerated Onsite by Ultraviolet-Ozone

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency N/A
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride No
Reportable Quantity for Hydrochloric Acid Yes
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5.1.2.2.5 Carbon Regenerated Onsite by Ultraviolet-Ozone with Acid
Scrub.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency N/A
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride No
Reportable Quantity for Hydrochloric Acid Yes

5.1.2.2.6 High-Efficiency Catalytic Oxidation.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency No
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes

ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes

11 Reportable Quantity for Carbon Tetrachloride No
Reportable Quantity for Hydrochloric Acid Yes

5.1.2.2.7 High-Efficiency Catalytic Oxidation with Acid Scrub.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency No
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride No
Reportable Quantity for Hydrochloric Acid Yes

5.1.2.2.8 Ultra-High-Efficiency Catalytic Oxidation.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency No
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride Yes
Reportable Quantity for Hydrochloric Acid Yes
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5.1.2.2.9 Ultra-High-Efficiency Catalytic Oxidation with Acid Scrub.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency No
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride Yes
Reportable Quantity for Hydrochloric Acid Yes

5.1.2.2.10 High-Efficiency Thermal Oxidation.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency No
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride No
Reportable Quantity for Hydrochloric Acid Yes

5.1.2.2.11 High-Efficiency Thermal Oxidation with Acid Scrub.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency No
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes,
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric'Acid Yes
Reportable Quantity for Carbon Tetrachloride No
Reportable Quantity for Hydrochloric Acid Yes

5.1.2.2.12 Ultra-High-Efficiency Thermal Oxidation.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency No
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride Yes
Reportable Quantity for Hydrochloric Acid Yes

5.1.2.2.13 Ultra-High-Efficiency Thermal Oxidation with Acid Scrub.

Ability to Meet ARARs

99.99% Carbon Tetrachloride Conversion Efficiency No
<4 lb/h (1.8 kg/h) Hydrochloric Acid in Effluent Yes
ASIL for Carbon Tetrachloride Yes
ASIL for Hydrochloric Acid Yes
Reportable Quantity for Carbon Tetrachloride Yes
Reportable Quantity for Hydrochloric Acid Yes
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The SCREEN model was also used to estimate potential exposure
concentrations to workers near the ERA site (i.e., at Z Plant). Exposure
concentrations were estimated for each active alternative at locations 25 m
(82 ft); 100 m (330 ft) and 200 m (660 ft) from Z Plant, the nearest site
building. These distances represent potential proximities of the VES facility
to workers on a routine basis. During normal operation of the VES system,
exposure to site workers at or adjacent to the treatment system location is
essentially nonexistent due to the height of the plume and dispersion of
effluent away from the stacks. All concentrations of carbon tetrachloride and
hydrochloric acid vapors predicted for onsite locations would not only be well
below levels considered to be Immediately Dangerous to Life and Health (IDLH)
but also below permissible exposure levels.

The effects to onsite workers from an abnormal situation involving
failure of piping or other containment at one of the VES units and thus
allowing a carbon tetrachloride-contaminated influent pool to form on the
ground was also analyzed using the SCREEN model. The emission rate of
unreacted carbon tetrachloride was assumed to be 2.625 g/s (0.0058 lb/s).
Impacts to workers due to these failures possibly could exceed the permissible
exposure limits for carbon tetrachloride but would be below levels that are
IDLH. Concentrations of hydrochloric acid due to failure of one of the VES
units are not predicted because hydrochloric acid is only formed as a
byproduct of treatment of extracted vapor. Occurrences of these types are
considered to be highly unlikely because the vapor extraction and treatment
system will be equipped with automatic shut-off monitors and alarms and
designed to preclude such occurrences.

Construction and operation of the vapor extraction and treatment
system(s) (i.e., well installation and equipment placement) will result only

e in relatively minor short-term impacts. The vapor extraction and treatment
system(s) will be located in previously disturbed areas of the 200 West Area,
which is a highly industrial area. These areas are not known to contain any
sensitive areas including wetlands, sole source aquifers, or critical
habitats. Similarly, no archeological, historical, or native American
religious sites have been identified in the immediate vicinity of these
activities. No species of plant or animal listed as threatened or endangered

n. are known to occur in the immediate area.

Placement of the equipment at the site and the transport of workers to
and from the site may result in small particulate releases to the atmosphere
in the form of dust. Water will be applied to the site and access roads as
needed to suppress dust generation. Some equipment sites may require
extension of utilities (i.e., electrical power). Operations to extend
utilities may also result in minor land disturbances and dust generation.

Small amounts of nonrenewable fuel and resources will be consumed during
the ERA. The amount of resources consumed will not be significant when
compared to the overall consumption of resources on the Hanford Site.

Implementation of the vapor extraction and treatment system(s) will
reduce the contamination of the unsaturated zone soils, and will ultimately
reduce the future risk associated with contaminants migrating to the
underlying aquifer.
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5.2 SELECTION CRITERIA EVALUATION

The three extraction well alternatives, twelve of the vapor treatment
alternatives, and the four acid scrubbing alternatives met the screening
evaluation criteria and were retained for selection criteria evaluation. In
this section, the alternatives are evaluated for: (1) effectiveness,
(2) implementability, and (3) cost. The "No Treatment" alternative is
included for comparative purposes. Each of the alternatives will be
compatible with the final cleanup alternatives.

The selection criteria evaluations are more conceptual and less detailed
than might be expected in a comprehensive RI/FS report. This is appropriate
because the proposed removal action is not a complete remedy and will
eventually be superseded by comprehensive RI/FS work and RODs for each
operable unit in the area.

5.2.1 Effectiveness

The criterion of effectiveness includes the factors of short- and long-
term effectiveness, and reduction of toxicity, mobility, or volume. These
factors were applied to each of the remedial alternatives and are discussed
below.

5.2.1.1 Wells.

5.2.1.1.1 Horizontal and Angle Wells. Horizontal and angle wells offer
the potential advantages of a greater area of (vacuum) influence and/or access
to contaminated zones not accessible via vertical wells. However, the three
main carbon tetrachloride release sites in the 200 West Area are accessible
from the surface via existing (or new) vertical wells. Although the possible
advantage of a wider zone of influence (from a single surface access point)
seems obvious, the increase in area of vacuum influence from a horizontal or
angled well is uncertain. Determination of advantages of such wells would
require installation and testing to provide comparison data and/or performance
monitoring.

5.2.1.1.2 Vertical Wells. The high permeability to air and vapor
exhibited by the source zone soil in the 200 West Area indicates that vertical
wells will be sufficiently effective in providing access to the source zone.
The radius influence from a vertical well in the 216-A-1A Tile Field source
zone was determined to be approximately 18 m (59 ft) during site
characterization work in early 1991. Existing vertical wells with perforated
casings were proven effective for removing soil vapor.

5.2.1.1.3 Injection Wells. Injection of air or steam in conjunction
with extraction wells would likely increase the rate of removal and the total
volume of carbon tetrachloride removed from the source zone. However,
injection would also add complexity to the extraction system. Unexpected
preferential migration pathways (e.g., highly permeable gravel) could result
in the opposite effect. Some vapor could be forced to move rapidly away from
an extraction well. In view of the lack of comparison data, and the apparent
effectiveness of removal without injection, this alternative is not attractive
during the initial stages of extraction.
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5.2.1.2 Extracted Vapor Treatment. Emissions from each of the treatment
systems considered would be subject to limitations based on the Federal Clean
Air Act of 1990 and Washington State Toxic Air Pollutant regulations. The EPA
is expected to issue rules that begin implementation controls on ozone-
depleting chemicals including carbon tetrachloride.

The system will not be required to obtain a permit, since the CERCLA
exclusion applies to this project. However, the system may have to meet a
5 p/m vol carbon tetrachloride exhaust concentration limit. Approval of this
ERA may be contingent on the ability of the preferred treatment system to meet
this standard, as discussed in Section 5.1.1.

The carbon tetrachloride removal effectiveness of each of the treatment
alternatives is shown in Table 12. The listed effectiveness represents the
expected long-term (1 yr) effectiveness of carbon tetrachloride removal based
on vendor input, field experience, and best engineering judgement. The amount
of carbon tetrachloride shown in the effluent is based on the assumption that
two identical systems will be operating simultaneously, each with a flowrate
of 1,400 actual cfm (39,600 L/min) and a carbon tetrachloride loading of
500 lb/d (230 kg/d). The numbers shown represent the combined flows of the
two systems.

5.2.1.3 Hydrochloric Acid Treatment. The wet scrubber and dry scrubber
alternatives all operate at a greater than 95% removal effectiveness for
hydrochloric acid. This reduces the estimated 42 lb/h (19 kg/h) hydrochloric
acid to much less than the potentially-required 4 lb/h (1.8 kg/h).

5.2.2 Implementability

Implementability includes technical feasibility, administrative
feasibility, and availability of services and materials. These factors were
applied to each alternative and are discussed below.

5.2.2.1 Wells. The distinguishing features of the three types of wells used
in the VES are the forms and functions of the wells installed in the source
zone. The first phase will utilize existing vertical wells for extraction,
injection, and monitoring. A sufficient number of wells already exist that
can be used in Phase I (see Section 4.2). The second phase will incorporate
existing wells and newly-drilled wells.

5.2.2.1.1 Vertical Extraction Wells. As discussed previously in
Section 4.2.1, 46 vertical wells exist in or near the tile fields. Many of
these wells are located in prime areas for extraction, monitoring, and
injection. Some of these wells can be modified to perform as extraction wells
such as was done during the 1991 vapor extraction test (see Appendix F2).
Steel casings in existing wells at the 216-Z-1A Tile Field were perforated at
various horizons, so that these wells could be used as extraction wells.
These wells functioned acceptably. The use of existing wells has the
advantages of: (1) not having to drill through radiologically-contaminated
soils, (2) being time efficient, (3) not being labor intensive, and (4) being
more cost effective.
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Table 12. Carbon Tetrachloride Removal

Removal effectiveness is expected long-term (one year) effectiveness
based on vendor input, field experience, and best engineering judgement.

Effectiveness.

of carbon tetrachloride removal

For the purposes of this table, it is assumed that two identical systems are operating simultaneously,
each with a flow rate of 1400 acfm and a carbon tetrachloride loading of 500 lbs/day. The numbers shown
represent the combined flows of the two systems.

GAC = Granular Activated Carbon
UVOX = Ultraviolet Light - Ozone

CATOX = Catalytic Oxidation
THERMOX = Thermal Oxidation

Emplacement of new vertical extraction wells in and around the three
carbon tetrachloride disposal sites would be a costly and time-consuming
effort that would impact the schedule for initiation of cleanup. Standard
drilling and well completion activities at the Hanford Site are conducted with
cable tool rigs. Drilling and completion of wells within radiologically-
contaminated soils (i.e., within the disposal sites) is more time-consuming.
Drilling new wells in or near the disposal sites would be further complicated
by the requirement to avoid creating new migration pathways that could cause
rapid movement of contaminants. Installation of new vertical wells will be
assessed for Phase II remediation.

50

Treatment alternatives Carbon tetrachloride Carbon tetrachloride Carbon tetrachioride
removal effectiveness in effluent ((b/d) destruct offsite

M%)

No treatment 0 1,000 No

GAC with offsite 99 10 Yes
regeneration

GAC regenerated onsite with 99 10 Yes
offsite treatment of
condensate

GAC regenerated onsite by 98 20 No
Uvox

GAC regenerated onsite by 98 20 No
UVOX with acid scrub

High-efficiency CATOX 98 20 No

High-efficiency CATOX with 98 20 No
acid scrub

Ultra-high-efficiency CATOX 99 10 No

Ultra-high-efficiency CATOX 99 10 No
with acid scrub

High-efficiency THERMOX 98 20 No

High-efficiency THERMOX with 98 20 No
acid scrub

Ultra-high-efficiency 99 10 No
THER1MX

Ultra-high-efficiency 99 10 No
THERMCX with acid scrub
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5.2.2.1.2 Horizontal Wells. Presently, the successful implementation
of horizontal drilling at the Hanford Site in a Phase I ERA time frame is
doubtful. Installation of these wells requires highly specialized drilling
equipment and operator training. In addition, the basic equipment is a mud-
rotary drill rig. Mud rotary drilling will be difficult to conduct due to the
geology beneath the 200 West Area, causing severe stress on rotary drill bits
and rapid abrasion of the drill string. In addition, drilling fluids will
migrate through the permeable soils, possibly limiting the vapor extraction
effectiveness, causing a mud waste problem, and potentially remobilizing
contami-nants by mixing with the carbon tetrachloride and the radioactive
particulates.

Horizontal drilling should be considered an "emerging" technology at the
site, even though it is presently being demonstrated elsewhere, such as the
Savannah River Site. Even at the Savannah River Site, where geologic
conditions are more favorable, several drilling and well completion problems
were encountered, causing redrilling efforts (four borings abandoned), and a
lost drill string. This method will be further evaluated for future use in
the ERA.

5.2.2.1.3 Injection Wells. Injection of air or steam into the source
zone to enhance movement of soil vapor toward adjacent extraction wells is a
proven technique at sites where only organic chemical contamination exists.
The equipment needed to perform this function is limited to a cased and
screened (or perforated casing) well, hoses and connection to the well casing,
and an air compressor or steam generator.

No applications of injection in radiologically-contaminated soils are
known, and adverse results are possible, as discussed in Section 4.2. The
potential problem with steam injection is condensation of water in the well
and soil, leading to limited zones of saturation and uncontrolled infiltration
toward groundwater.

This equipment is readily available, reliable, easily installed and
requires minimal training and maintenance to operate.

5.2.2.2 Extracted Vapor Treatment Alternatives. All of the vapor treatment
systems will utilize off-the-shelf equipment for the baseline system,
including:

" Heaters - Valves

" HEPA trailer - Instrumentation

" Blower trailer - Stack.

" Piping

Most of these components are readily available, with standardized
connections. They are well proven in similar industrial and hazardous waste
or hydrocarbon release site cleanup applications. Use of these components in
the 200 West Area Carbon Tetrachloride ERA will not subject them to unique
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stresses or loading conditions. Installation, maintenance, and replacement do
not require highly specialized training, .except those services required to
work in a potential radiation zone.

All of the extracted vapor treatment alternatives require only
off-the-shelf equipment. No specialized training would be necessary to
operate the equipment other than standard initial training.

For the purposes of determining the volumes associated with the
treatment alternatives, it is assumed that the proposed two-system design is
operating. As previously described, the two-system design incorporates two
identical vapor extraction systems operating simultaneously, each with a
flowrate of 1,400 cfm (39,600 L/min) and a carbon tetrachloride loading of
500 lb/d (230 kg/d). The volumes shown represent the combined flows of the
two systems.

For the purposes of determining secondary waste volumes for those
alternatives incorporating acid scrubbing, the dry scrubber alternative is
used. A summary of the extracted vapor treatment alternatives' secondary
waste types, volumes, and disposal is shown in Table 13.

5.2.2.2.1 No Treatment (Baseline System). This alternative represents
the operation of the system without treating the carbon tetrachloride in the
soil vapor. As such, this is "no treatment" and not "no action". With no
treatment of the carbon tetrachloride in the soil vapor, this alternative is
functionally the baseline system, which is described in the following
headings.

Process Description--The baseline system process begins with the blower
on the blower trailer creating a vacuum on the system back to the extraction
wells. The vacuum pulls soil vapor (containing carbon tetrachloride) from the
surrounding subsurface soils into the extraction wells. The soil vapor
proceeds through the extraction wells and into the conveyance hoses where
heaters control the soil temperature to prevent condensation of moisture from
the soil vapor. The soil vapor proceeds to the HEPA trailer where it passes
through a HEPA filtration unit to remove particulate contaminants. The soil
vapor then travels through the system blower where it is expelled through the
stack to atmosphere. Throughout the system, various valves provide control of
the flow and instruments provide documentation of various operational
parameters.

With this baseline treatment alternative, there is no treatment of the
carbon tetrachloride in the soil vapor. The other treatment alternatives
require the placement of the carbon tetrachloride treatment components between
the system blower and the stack.

Operations--The baseline system is fully automated and does not require
constant attention by personnel. The instrumentation of the system is
connected via modem to several offsite personnel to allow updated operational
information and to signal when an upset condition occurs. Because it is not
critical that the system operates without interruption, the system controls
shut down the system during any upset conditions.
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Table 13. Extracted Vapor Treatment Alternatives:
Secondary Waste Types, Volume, and Disposal.

Treatment alternative Type of secondary waste Volume of secondary Secondary waste
produced waste produced (lb/d) disposal

No treatment None None N/A

GAC with offsite regeneration Used granular activated 1,600 Offsite
carbon incinerator

GAC regenerated onsite with Concentrated, aqueous 80 (gal/d) Offsite
offsite treatment of carbon tetrachloride incinerator
condensate

GAC regenerated onsite by UVOX None None N/A

GAC regenerated onsite by UVOX Calciun chloride 1,900 Nonradioactive,
with acid scrub hazardous

landfi ll

High-efficiency CATOX None None N/A

High-efficiency CATOX with Calcium chloride 1,900 Nonradioactive,
acid scrub hazardous

landfill

Ultra-high-efficiency with None None N/A
CATOX

Ultra-high-efficiency CATOX Calcium chloride 1,900 Nonradioactive,
with acid scrub hazardous

landfill

High-efficiency THERMOX None None N/A

High-efficiency THERMOX with Calcium chloride 1,900 Nonradioactive,
acid scrub hazardous

landfill

Ultra-high-efficiency THERMOX None None N/A

Ultra-high-efficiency THERNOX Calcium chloride 1,900 Nonradioactive,
with acid scrub hazardous

landfill

It is assumed that the secondary wastes generated by the treatment alternatives do not require further
treatment prior to handling, transportation, and disposal.

GAC = Granular Activated Carbon
UVOX = Ultraviolet Light - Ozone

CATOX = Catalytic Oxidation
THERMOX = Thermal Oxidation

A technician performs a daily walk-through of the system to observe the
functioning of the equipment. Based on the desired operation of the system,
the technician may adjust certain operational parameters.

With this baseline treatment alternative, there is no treatment of the
carbon tetrachloride in the soil vapor, so no treatment components require the
attention of the technician. The other treatment alternatives described in
this report have components that require the checking by the technician during
the daily walk-through.
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Hydrochloric Acid Generation and Amount--The carbon tetrachloride is not
converted with this treatment option, so no hydrochloric acid is produced.

Secondary Waste--There is no treatment of the carbon tetrachloride in
the soil vapor, so there is no generation of liquid or solid secondary waste.

Time Until Start--The systems can be operating approximately 4 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.2.2 Carbon with Offsite Regeneration. This alternative uses
carbon to capture the carbon tetrachloride from the soil vapor for offsite
conversion of the carbon tetrachloride and regeneration of the carbon.

Process Description--This treatment alternative functions by passing the
soil vapor through canisters containing carbon. The carbon tetrachloride
vapor molecules migrate from the soil vapor to the surface of the solid carbon
where they are held by physical attraction. When a carbon canister has nearly
reached its full sorptive capacity, it is taken offline and stored in a
holding area where, on a weekly basis, the used canisters are picked up and
regenerated canisters are dropped off by a carbon vendor. The. used canisters
are taken to the vendor's facility, where the carbon is regenerated by
removing the carbon tetrachloride, which is subsequently converted in a RCRA-
permitted incinerator.

Each operating system has canisters placed in parallel and in series to.
allow continuous operation of the system and to improve carbon tetrachloride
removal efficiency. When a primary canister reaches its sorptive capacity, it
is replaced by the canister after it in the series. This secondary canister,
which has been functioning as a polishing step, becomes the new primary
canister and a new secondary canister is placed after it.

In addition to the baseline instrumentation, this treatment alternative
includes four additional radon detectors per system. These detectors are used
to facilitate the release of the canisters as nonradioactive waste and are
usbful for radon research studies.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. The only significant involvement
that a technician has with each system is the connecting and disconnecting of
the carbon canisters.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is not
converted onsite with this treatment option, so no hydrochloric acid is
produced.

Secondary Waste--Secondary waste is produced with this treatment process
due to the adsorption of the carbon tetrachloride by the carbon. It is
assumed that the 1,600 lb (730 kg) of secondary waste produced each day are
classified as nonradioactive, hazardous waste that may be transported without
further treatment for regeneration of the carbon and conversion of the carbon
tetrachloride at an offsite RCRA-permitted incinerator.

Time Until Start--The systems can be operating approximately 4 mo from
the time the procurement process of obtaining the VES equipment is begun.
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5.2.2.2.3 Carbon Regenerated Onsite with Offsite Treatment of
Condensate. This alternative uses carbon to capture the carbon tetrachloride
from the soil vapor and subsequent condensation and offsite conversion of the
carbon tetrachloride. The carbon is regenerated onsite.

Process Description--This treatment alternative also uses carbon to
adsorb the carbon tetrachloride from the soil vapor, but the carbon is not
sent offsite. Rather, the carbon is regenerated by an automatic process that
takes a saturated portion of the fixed carbon bed and passes it through a
desorption column. The desorbed carbon is then placed back at the top of the
fixed carbon bed for renewed adsorptive service.

The desorption process is achieved by electric induction that quickly
heats the carbon to desorption temperature. The off-gas from the desorption
is directed to a condenser and from the condenser to the inlet side of the
system. The condensed carbon tetrachloride is directed to a storage tank
where it is held as concentrated carbon tetrachloride liquid. This condensate
is collected from the storage tank every other month and is shipped by a truck

m to a RCRA-permitted incinerator for conversion.

Each operating system has fixed carbon beds placed in parallel to allow
continuous operation of the systems. The automatic processing of the system
takes a bed offline to enable it to be regenerated and then automatically
places it back on line when completed.

It should be noted that this treatment alternative does not require
water or steam for stripping the carbon tetrachloride from the carbon as is
commonly employed with carbon regeneration systems. For this specific
project, providing water and a boiler or steam and dealing with the water as a
secondary waste make steam stripping expensive.

It should be further noted that direct condensation of the carbon
tetrachloride from the soil vapor was investigated, but because of the
relatively high soil vapor flowrate and low carbon tetrachloride
concentration, this technique proved to be not feasible.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. The only significant involvement
that a technician has with each system is the transfer of the condensate from
the holding tanks to DOT-approved containers for transporting carbon
tetrachloride offsite.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is not
converted onsite with this treatment option, so no hydrochloric acid is
produced.

Secondary Waste--Liquid secondary waste is produced with this treatment
process due to the condensation of the carbon tetrachloride to a concentrated
liquid. It is assumed that the 80 gal (300 L) of concentrated liquid carbon
tetrachloride produced each day may be transported without further treatment
at Hanford for conversion at an offsite RCRA-permitted incinerator. It is
also assumed that the carbon tetrachloride is a nonradioactive, hazardous
liquid waste.
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Time Until Start--The systems can be operating approximately 8 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.2.4 Carbon Regenerated Onsite by Ultraviolet-Ozone. This
alternative also regenerates the carbon onsite, but rather than condensing the
carbon tetrachloride, the carbon tetrachloride is converted by oxidants during
the self-regeneration, multistage process.

Process Description--This treatment alternative functions by passing the
soil vapor through a photolytic reactor where the carbon tetrachloride is
exposed to tuned-frequency ultraviolet (UV) light that excites the molecules
and initiates the conversion process. The soil vapor then passes through a
mist air dispersion unit, which wets the carbon tetrachloride molecule prior
to its entry into an aqua reactor. Highly oxidized process water is added to
the aqua reactor in a counter flow, thus providing continuous air scrubbing in
the aqua reactor, where oxidants and ozone are injected as needed to enhance
carbon tetrachloride conversion.

The soil vapor then passes from the aqua reactor to carbon canisters
arranged in parallel. The carbon canisters are used as a polishing step
because most of the of the carbon tetrachloride removal and conversion of the
carbon tetrachloride takes place in the aqua reactor. The carbon canisters
are regenerated by directing the oxidant air stream to one of the carbon
canisters while the other canister remains online for carbon tetrachloride
collection from the process. The effluent from a carbon canister during its
regeneration is to the influent side of the system.

The aqua reactor and the carbon canisters receive the oxidant air stream
from the activated oxygen generators. These generators produce ozone in
combination with other oxygen species. The highly reactive and oxidative
field, along with the selected-frequency, UV-light photolysis, enhances the
overall oxidation rate of the carbon tetrachloride and allows for essentially
complete oxidation of the carbon tetrachloride.

The final effluent from this treatment alternative includes air, carbon
dioxide, and hydrochloric acid.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. The only significant involvement
that a technician has with each system is the daily walk-through.

The system requires electricity and water. The water is used at a rate
of 12 gal/h, which makes up for the evaporative losses from the system. No
water is released from this system as a liquid secondary waste.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is
largely converted with this treatment option to hydrochloric acid, which is
produced in the off-gas at the rate of about 1,000 lb/d (450 kg/d) (42 lb/h
[19 kg/h]).

Secondary Waste--No liquid or solid secondary waste is produced by the
operation of this treatment alternative.
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Time Until Start--The systems can be operating approximately 11 mo from
the time the procurement process of obtaining the VES equipment is begun.

5:2.2.2.5 Carbon Regenerated Onsite by Ultraviolet-Ozone with Acid
Scrub. This treatment alternative is the same as the one just described, with
the addition of acid scrubbing.

Process Description--The process description for this treatment
alternative is the same as that of the Carbon Regenerated Onsite by
Ultraviolet-Ozone alternative with the addition of acid scrubbing using the.
dry scrubber.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. The only significant involvement
that a technician has with each system is with the hydrochloric acid
scrubbers. This involves overseeing the transfer of hydrated lime into the
storage silos and the transfer of waste calcium chloride out of the holding
tanks.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is
,r largely converted with this treatment option to hydrochloric acid, which is

produced at the rate of about 1,000 lb/d (450 kg/d) (42 lb/h [19 kg/h]). The
acid scrubbing reduces the hydrochloric acid in the effluent to less than
4 lb/h (1.8 kg/h).

Secondary Waste--Solid secondary waste is produced with this treatment
process due to the acid scrubbing and results in an estimated 1,900 lb/d
(860 kg/d) of calcium chloride, which it is assumed may be transported without
further treatment for disposal at a landfill as nonradioactive, hazardous
waste.

Time Until Start--The systems can be operating approximately 11 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.2.6 High-Efficiency Catalytic Oxidation. This treatment
alternative uses thermal energy and catalyst beds to convert the carbon

a. tetrachloride.

Process Description--This treatment alternative functions by passing the
soil vapor through the tube side of a heat exchanger and then into a burner
section, which is fueled by Liquid Propane Gas (LPG). The heat exchanger and
burner preheat the soil vapor to the catalyzing temperature of about 6500 F
(3430C). The soil vapor then passes through the catalyst beds where an
exothermic reaction takes place and the carbon tetrachloride is converted.
The hot soil vapor then passes on the shell side of the heat exchanger where
it is used to preheat the influent soil vapor. The treated soil vapor then
passes through a stack to the atmosphere.

Due to the chemical stability of carbon tetrachloride, a specialized
precious metal catalyst is required in the Catalytic oxidation unit.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. Each system requires only a daily
walk-through by a technician.

57



DOE/RL-91-32
Draft B

This treatment alternative uses LPG, which requires scheduled
deliveries.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is
largely converted with this treatment option to hydrochloric acid, which is
produced at the rate of about 1,000 lb/d (450 kg/d) (42 lb/h [19 kg/h]).

Secondary Waste--No liquid or solid secondary waste is produced by the
operation of this treatment alternative.

Time Until Start--The systems can be operating approximately 10 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.2.7 High-Efficiency Catalytic Oxidation with Acid Scrub. This
treatment alternative is the same as the one just described, with the addition
of acid scrubbing.

Process Description--The process description for this treatment
alternative is the same as that of the High-Efficiency Catalytic Oxidation
system with the addition of acid scrubbing by a dry scrubber.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. The only significant involvement
that a technician has with each system is with the hydrochloric acid
scrubbers. This involves overseeing the transfer of hydrated lime into the
storage silos and the transfer of waste calcium chloride out of the holding
tanks.

This treatment alternative uses LPG, which requires scheduled
deliveries.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is
largely converted with this treatment option to hydrochloric acid, which is
produced at the rate of about 1,000 lb/d (450 kg/d) (42 lb/h [19 kg/h]). The
acid scrubbing reduces the hydrochloric acid in the effluent to less than
4 lb/h (1.8 kg/h).

Secondary Waste--Solid secondary waste is produced with this treatment
process due to the acid scrubbing and results in an estimated 1,900 lb/d
(860 kg/d) of calcium chloride, which it is assumed may be transported without
further treatment for disposal at a landfill as nonradioactive, hazardous
waste.

Time Until Start--The systems can be operating approximately 10 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.2.8 Ultra-High-Efficiency Catalytic Oxidation. This treatment
alternative is similar to the High-Efficiency Catalytic Oxidation, with
increased carbon tetrachloride conversion efficiency.
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Process Description--The process description for this treatment
alternative is the same as that of the High-Efficiency Catalytic Oxidation
system with the addition of another catalyst bed to increase the residence
time of the soil vapor in the catalyst bed and, thereby, the efficiency of the
carbon tetrachloride conversion.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. Each system requires only a daily
walk-through by a technician.

This treatment alternative uses LPG, which requires scheduled
deliveries.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is
largely converted with this treatment option to hydrochloric acid, which is
produced at the rate of about 1,000 lb/d (450 kg/d) (42 lb/h [19 kg/h]).

Secondary Waste--No liquid or solid secondary waste is produced by the
operation of this treatment alternative.

Time Until Start--The systems can be operating approximately 10 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.2.9 Ultra-High-Efficiency Catalytic Oxidation with Acid Scrub.
This treatment alternative is the same as the one just described, with the
addition of acid scrubbing.

Process Description--The process description for this treatment
alternative is the same as that of the Ultra-High-Efficiency Catalytic
Oxidation system with the addition of acid scrubbing by a dry scrubber.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. The only significant involvement
that a technician has with each system is with the hydrochloric acid

-- scrubbers. This involves overseeing the transfer of hydrated lime into the
storage silos and the transfer of waste calcium chloride out of the holding
tanks.

This treatment alternative uses LPG, which requires scheduled
deliveries.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is
largely converted with this treatment option to hydrochloric acid, which is
produced at the rate of about 1,000 lb/d (450 kg/d) (42 lb/h [19 kg/h]). The
acid scrubbing reduces the hydrochloric acid in the effluent to less than
4 lb/h (1.8 kg/h).

Secondary Waste--Solid secondary waste is produced with this treatment
process due to the acid scrubbing and results in an estimated 1,900 lb/d
(860 kg/d) of calcium chloride, which it is assumed may be transported without
further treatment for disposal at a landfill as nonradioactive, hazardous
waste.
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Time Until Start--The systems can be operating approximately 10 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.2.10 High-Efficiency Thermal Oxidation. This treatment
alternative is a thermal process similar to the catalytic oxidation system
alternatives, but utilizes higher temperatures and no catalyst beds.

Process Description--This treatment alternative functions by passing the
soil vapor through the tube side of a heat exchanger. The soil vapor is then
passed into the burner section, which is fueled by LPG. The soil vapor is
heated to the temperature (about 1,800*F [1,000"C]) where a reaction takes
place and the carbon tetrachloride is converted. The hot soil vapor then
passes through the shell side of the heat exchanger and on through a stack to
the atmosphere.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. Each system requires only a daily
walk-through by a technician.

This treatment alternative uses LPG, which requires scheduled
deliveries.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is
largely converted with this treatment option to hydrochloric acid, which is
produced at the rate of about 1,000 lb/d (450. kg/d) (42 lb/h [19 kg/h]).

Secondary Waste--No -iquid or solid secondary waste is produced by the
operation of this treatment alternative.

Time Until Start--The systems can be operating approximately 8 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.2.11 High-Efficiency Thermal Oxidation with Acid Scrub. This
treatment alternative is the same as the one just described, with the addition
of acid scrubbing.

Process Description--The process description for this treatment
alternative is the same as that of the High-Efficiency Thermal Oxidation
system with the addition of acid scrubbing by a dry scrubber.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. The only significant involvement
that a technician has with each system is with the hydrochloric acid
scrubbers. This involves overseeing the transfer of hydrated lime into the
storage silos and the transfer of waste calcium chloride out of the holding
tanks.

This treatment alternative uses LPG, which requires scheduled
deliveries.
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Hydrochloric Acid Generation and Amount--The carbon tetrachloride is
largely converted with this treatment option to hydrochloric acid, which is
produced at the rate of about 1,000 lb/d (450 kg/d) (42 lb/h [19 kg/h]). The
acid scrubbing reduces the hydrochloric acid in the effluent to less than
4 lb/h (1.8 kg/h).

Secondary Waste--Solid secondary waste is produced with this treatment
process due to the acid scrubbing and results in an estimated 1,900 lb/d
(860 kg/d) of calcium chloride, which it is assumed may be transported without
further treatment for disposal at a landfill as nonradioactive, hazardous
waste.

Time Until Start--The systems can be operating approximately 8 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.2.12 Ultra-High-Efficiency Thermal Oxidation. This treatment
alternative is similar to the High-Efficiency Thermal Oxidation, with
increased carbon tetrachloride conversion efficiency.

Process Description--The process description for this treatment
alternative is the same as that of the High-Efficiency Thermal Oxidation
system, but utilizes a longer residence time and an elevated temperature
(about 2,000*F) to achieve improved carbon tetrachloride conversion
efficiency.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. There is no significant
involvement by a technician with either of the systems.

This treatment alternative uses LPG, which requires scheduled
deliveries.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is
largely converted with this treatment option to hydrochloric acid, which is

- produced'at the rate of about 1,000 lb/d (450 kg/d) (42 lb/h [19 kg/h]).

Secondary Waste--No liquid or solid secondary waste is produced by the
operation of this treatment alternative.

Time Until Start--The systems can be operating approximately 8 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.2.13 Ultra-High-Efficiency Thermal Oxidation with Acid Scrub.
This treatment alternative is the same as the one just described, with the
addition of acid scrubbing.

Process Description--The process description for this treatment
alternative is the same as that of the Ultra-High-Efficiency Thermal Oxidation
system with the addition of acid scrubbing by a dry scrubber.

Operations--Each operating system is fully automated and includes
appropriate system responses and shutdowns. The only significant involvement
that a technician has with each system is with the hydrochloric acid
scrubbers. This involves overseeing the transfer of hydrated lime into the
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storage silos and the transfer of waste calcium chloride out of the holding
tanks.

This treatment alternative uses LPG, which requires scheduled
deliveries.

Hydrochloric Acid Generation and Amount--The carbon tetrachloride is
largely converted with this treatment option to hydrochloric acid, which is
produced at the rate of about 1,000 lb/d (450 kg/d) (42 lb/h [19 kg/h]). The
acid scrubbing reduces the hydrochloric acid in the effluent to less than
4 lb/h (1.8 kg/h).

Secondary Waste--Solid secondary waste is produced with this treatment
process due to the acid scrubbing and results in an estimated 1,900 lb/d
(860 kg/d) of calcium chloride, which it is assumed may be transported without
further treatment for disposal at a landfill as nonradioactive, hazardous
waste.

Time Until Start--The systems can be operating approximately 8 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.2.3 Hydrochloric Acid Treatment Alternatives. All of the hydrochloric
acid treatment systems will require off-the-shelf scrubber systems. No
specialized training would be required to operate the systems other than
standard initial training.

The wet scrubber alternatives utilize water-with a commercially-
available wet scrubber to remove the hydrochloric acid from the system
effluent. The counter-current flow of water (at 35 gal/min [130 L/min] per
system) and air allows contact between the water and the hydrochloric acid in
the air, capturing the hydrochloric acid in the water.

5.2.2.3.1 Wet Scrubber with Evaporation Ponds. This treatment
alternative uses a wet scrubber to remove the hydrochloric acid from the
effluent gas of the operating systems and then directs the scrubber water to
ponds for solar evaporation.

Process Description--A wet scrubber is utilized to remove the
hydrochloric acid from the effluent gas of the operating systems. The water
from the icrubbing operation is constantly neutralized and pumped to 15 acres
(60,700 m ) of evaporation ponds located outside the fenceline of the 200 West
Area. The ponds use solar evaporation to drive off the water. At periodic
intervals, each of the ponds is cleaned of the salt cake that is left behind
by the evaporation process.

Operations--The evaporation ponds require operation and maintenance
similar to other water treatment systems of similar size. The wet scrubber
requires electric and water utilities. The neutralization system requires
bulk chemical delivery and handling.

Secondary Waste--This treatment alternative produces 290 tons/yr
(260,000 kg/yr) of salt cake that is assumed to be a nonradioactive, hazardous
waste that may be transported to a landfill for disposal without further
treatment.
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Time Until Start--The systems can be operating approximately 4 to 5 yr
from the time the procurement process of obtaining the VES equipment is begun.

5.2.2.3.2 Wet Scrubber with Discharge to 282WA Reservoir. This
treatment alternative uses a wet scrubber to remove the hydrochloric acid from
the effluent gas of the operating systems and then directs the scrubber water
to the 282WA Reservoir for treatment with the other raw water influent.

Process Description--The wet scrubber is utilized to remove the
hydrochloric acid from the effluent gas of the operating systems. The water
from the scrubbing operation is constantly neutralized and pumped to the 282WA
Reservoir located near the 200 West Area power plant. The water joins the
other raw water flowing into the reservoir, all of which is treated by the
treatment system already in operation there.

This treatment alternative requires that the "Source Water Quality
Standards" are met and State of Washington approval is granted.

Operations--The wet scrubber requires electric and water utilities. The
neutralization system requires bulk chemical delivery and handling.

Secondary Waste--This treatment alternative produces 18,400,000 gal/yr
(69,600,000 L/yr) of dilute brine solution which it is assumed may be pumped
to the 282WA reservoir for handling with the other raw influent water to that
system.

Time Until Start--The systems can be operating approximately 1 yr and
3 mo from the time the procurement process of obtaining the VES equipment is
begun.

5.2.2.3.3 Wet Scrubber with Mechanical Evaporator. This treatment
alternative uses a wet scrubber to remove the hydrochloric acid from the
effluent gas of the operating systems and then directs the scrubber water to a
mechanical evaporator.

Process Description--The wet scrubber is utilized to remove the
hydrochloric acid from the effluent gas of the operating systems. The water
from the scrubbing operation is constantly neutralized and pumped to a
mechanical evaporator. The evaporator uses heat to drive off the water.

At periodic intervals, the mechanical evaporator is cleaned of the salt
cake that is left behind by the evaporation process.

Operations--The mechanical evaporator requires a daily walk-through by a
technician. The mechanical evaporator requires electricity.

The wet scrubber requires electric and water utilities. The
neutralization system requires bulk chemical delivery and handling.

Secondary Waste--This treatment alternative produces 290 tons/yr
(260,000 kg/yr) of salt cake that is assumed to be a nonradioactive, hazardous
waste that may be transported to a landfill for disposal without further
treatment.
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Time Until Start--The systems can be operating approximately 1 yr and 3
mo from the time the procurement process of obtaining the VES equipment is
begun.

5.2.2.3.4 Dry Scrubber. This treatment alternative uses a dry scrubber
to remove the hydrochloric acid from the effluent gas of the operating
systems, providing a means of acid scrubbing without dealing with water.

Process Description--The soil vapor enters the dry scrubber where, if
necessary, it is mixed with dilution air to lower the temperature. The soil
vapor passes through parallel baghouses containing many bags. The
hydrochloric acid in the soil vapor contacts hydrated lime that is fed into
the baghouses, resulting in the creation of calcium chloride. This calcium
chlorid'e falls to the base of the dry scrubber where it is augured out to a
storage tank. The soil vapor continues its flow out to a stack and then to
the atmosphere.

The parallel baghouses allow continuous operation of the dry scrubber
during maintenance of one of the baghouses. The hydrated lime is stored in a
silo for supply to the baghouses.

Operations--The dry scrubber requires a daily walk-through by a
technician. The dry scrubber uses electricity and hydrated lime. A
technician is required to oversee the transfer of hydrated lime into the
storage silos and the transfer of calcium carbonate out of the holding tanks.

Secondary Waste--The hydrated lime reacts with the hydrochloric acid to
produce calcium chloride at the rate of 1,920 lb/d (870 kg/d). It is assumed
that this material is a nonradioactive, hazardous waste that may be
transported to a landfill for disposal without further treatment.

Time Until Start--The systems can be operating approximately 7 mo from
the time the procurement process of obtaining the VES equipment is begun.

5.2.3 Costs

Well installation costs are not included in this section because all
well alternatives, except existing vertical wells, were eliminated in
preceding sections on grounds other than comparative costs, although relative
costs were noted.

The costs of each alternative shown below do not include engineering or
administrative expenditures incurred before implementation of an alternative.
This evaluation is done for comparison of the different systems, and the cost
of labor and engineering/management are assumed to be equal in each case.
Thus, these values are not included.
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The following costs are informal estimates from equipment vendors or
based on limited information from the pilot testing of the VES at the 216-Z-1A
Tile Field and additional assumptions concerning seasonal variation in
humidity, transportation costs, etc. They should not be relied on for
budgeting, but they are useful for comparing the treatment systems. Final
cost estimates will reflect more definitive design criteria for the preferred
alternative.

For the purposes of determining relative costs for the treatment
alternatives, several assumptions were made and are presented in Table 14.

5.2.3.1 Costs for Vapor Extraction Alternatives. For the purposes of
determining secondary waste costs for those alternatives incorporating acid
scrubbing, the dry scrubber alternative is used. A summary of the costing
information is shown in Table 15.

5.2.3.1.1 No Treatment (Baseline System).

for Start-Up
for Annual Operation
for Secondary Waste
Costs for First Year
Costs for First Three Years

5.2.3.1.2 Carbon with Offsite Regeneration.

for Start-Up
for Annual Operation
for Secondary Waste
Costs for First Year
Costs for First Three Years

5.2.3.1.3 Carbon Regenerated Onsite with Offsite Treatment
Condensate.

$960,000
$270,000
$0
$1,230,000
$1,770,000

$1,153,000
$512',000
$312,000
$1,977,000
$3,625,000

of

Costs for Start-Up
Costs for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

5.2.3.1.4 Carbon Regenerated Onsite by Ultraviolet-Ozone.

Costs for Start-Up
Costs for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

$1,960,000
$274,000
$136,000
$2,370,000
$3,190,000

$1,484,000
$298,000
$0
$1,782,000
$2,378,000
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Table 14. Assumptions Made for Costing Purposes.

Two Identical systems are operating simultaneously, each with a flowrate of 1,400 acfm and a carbon tetrachloride concentration of 500 Ib/d.
These flow characteristics are constant over the first 3 yr of operation.

All costs remain constant over the first 3 yr.

All costing is in 1991 dollars and does not include provisions for the time value of money. Furthermore, elements that could significantly
affect costing, such as inflation and taxes, were not factored in.

it will require 4 mo from the time the procurement process of obtaining the VES equipment begins before bid awards are made to the vendors.

The cost for installing water supply lines for both systems is $100,000.

Water usage cost is an "assessment" done annually, based on operating cost divided by total water production (in some standard unit) times
customer estimated usage. For costing purposes, this cost was estimated to be $20.000 annually for both sites for those treatment
altematives requiring water.

The liquid and solid secondary waste produced by the treatment alternatives for offsite treatment or disposal will be released offaite by the
appropriate groups and agencies.

The secondary waste salt cake and CaCl 2 from the HCI scrubbing alternatives are considered nonradioactive, hazardous wastes and do not
require further processing prior to transportation and disposal. The cost for transporting and disposing these wastes at an offsite landfill is
$200/ton.

The soil gas has a 50% relative humidity.

The soil gas is 50*F coming out of the wells and is 100*F after passing through the system blower.

For onsite conversion of carbon tetrachloride, every pound of carbon tetrachloride that enters the system produces 1 lb of HCI.

The LPG usage for the High-Efficlency Catalytic Oxidation and Ultra-High-Efficiency Catalytic Oxidation treatment alternatives is 90
gal/d/system.

The LPG usage for the High-Efficiency Thermal Oxidation treatment atermatives is 66.5 gal/h/system.

The LPG usage for the Ultra-High-Efficiency Thermal Oxidation treatment alternatives is 80 gal/h/system.

The cost of LPG is *0.85/gal.

The cost of electricity Is $0.06/kWh.

The carbon canisters that have reached its sorptive capacity is a nonradioactive, hazardous waste that does not require further treatment prior
to transportation. It will be approved for offsite release by the appropriate groups and agencies.

Carbon canisters adsorb carbon tetrachloride at 60% efficiency (e.g., 100 lb of carbon canisters will adsorb 60 lb of carbon tetrachloride).

For the dry scrubber alternative, about 1.9 lb of CaCl 2 arm produced for every 1 Ib of HCI scrubbed from the effluent air. The cost of hydrated
lime is $80/ton delivered. The dry scrubber uses hydrated lime at the rate of 40 lb/h/system.

The carbon tetrachloride condensate is a nonradioactive, hazardous waste that does not require further treatment prior to offsIte
transportation. it will be approved for offaite release by the appropriate groups and agencies. It will be convened offsite.

The cost of carbon tetrachloride condensate transportation is $3.25/loaded mile for the 2,150 ml trip from Richland, Washington, to Houston,
Texas. A truck can hold 4,500 gal. The cost of carbon tetrachloride conversion at a RCRA-pormitted incinerator is *0.25/lb.

The heat exchanger of the Catalytic Oxidation alternatives is able to raise the 100*F soil gas influent to 350*F and lower the effluent from
6501F to 350*F.

The heat exchangerof the High-Efficiency Thermal Oxidation altematives is able to raise the 100*1 soil gas influent to 350*F and lower the
effluent from 1,800-F to 360*F.

The heat exchanger of the Ultra-High-Eficiency Thermal Oxidation alternatives Is able to raise the 100*F soil gas influent to 350'F and
lower the effluent from 2,000*F to 350*F.
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Table 15. Extracted Vapor Treatment Alternatives: Summary of Cost Data.

DOE Costs for Total costs Total costs
Treatment altenative exemption Coss for annual secondary for first for firstStan-up required opration waste year three years

No treatment 960.000 No 270,000 N/A 1.230,000 1,770,000

GAC with offsite 1,153.000 No 512,000 N/A 1,977,000 3,625,000
regeneration

GAC regenerated 1,960,000 No 274,000 136,000 2,370,000 3,190,000
onsite with offaite
treatment of
condensate

GAC regenerated 1,484,000 No 298.000 N/A 1,782,000 2,378,000
onsite by UVOX

GAC regenerated 1,974,000 Yes 330,000 70,000 2,374.000 3,174,000
onsite by UVOX with
acid scrub

High-efficiency 1,430,000 No 330,000 N/A 1,760,000 2,420.000
CATOX

High-efficiency 1,920.000 Yes 362,000 70,000 2,352,000 3,216,000
CATOX with acid
scrub

Ultra-high- efficiency 1,450,000 No 330.000 N/A 1,780,000 2,440,000
CATOX

Ultra-high- efficiency 1.940.000 Yes 362.000 70,000 2,372.000 3,236,000
CATOX with acid
scrub

High-efficiency 1,246,000 No 1.264.000 N/A 2,510,000 5,038,000
THERMOX

High-efficiency 1,736,000 Yes 1,296,000 70,000 3,102,000 5,834,000
THERMOX with acid
scrub

Ultra-high-efficiency 1,286.000 No 1,465,000 N/A 2,751,000 5,681,000
THERMOX

Ultra-high- 1,776,000 yes 1,497,000 70,000 3,343,000 6,477,000
efficiency THERMOX
with acid Scrub

GAC = granular activated carbon
UVOX = ultraviolet light - ozone

CATOX = catalytic oxidation
THERMOX thermal oxidation

5.2.3.1.5 Carbon Regenerated Onsite by Ultraviolet-Ozone with Acid
Scrub.

Costs for Start-Up
Costs for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

$1,974,000
$330,000
$70,000
$2,374,000
$3,174,000
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5.2.3.1.6 High-Efficiency Catalytic Oxidation.

Costs for Start-Up
Casts for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

$1,430,000
$330,000
$0
$1,760,000
$2,420,000

5.2.3.1.7 High-Efficiency Catalytic Oxidation with Acid Scrub.

Costs for Start-Up
Costs for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

5.2.3.1.8 Ultra-High-Efficiency Catalytic Oxidation.

Costs for Start-Up
Costs for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

$1,920,000
$362,000
$70,000
$2,352,000
$3,216,000

$1,450,000
$330,000
$0
$1,780,000
$2,440,000

5.2.3.1.9 Ultra-High-Efficiency Catalytic Oxidation with Acid Scrub.

Costs for Start-Up
Costs for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

5.2.3.1.10 High-Efficiency Thermal Oxidation.

Costs for Start-Up
Costs for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

$1,940,000
$362,000
$70,000
$2,372,000
$3,236,000

$1,246,000
$1,264,000
$0
$2,510,000
$5,038,000

5.2.3.1.11 High-Efficiency Thermal Oxidation with Acid Scrub.

Costs for Start-Up
Costs for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

$1,736,000
$1,296,000
$70,000
$3,102,000
$5,834,000
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5.2.3.1.12 Ultra-High-Efficiency Thermal Oxidation.

Costs for Start-Up
Co'sts for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

$1,286,000
$1,465,000
$0
$2,751,000
$5,681,000

5.2.3.1.13 Ultra-High-Efficiency Thermal Oxidation with Acid Scrub.

Costs for Start-Up
Costs for Annual Operation
Costs for Secondary Waste
Total Costs for First Year
Total Costs for First Three Years

$1,776,000
$1,497,000
$70,000
$3,343,000
$6,477,000

5.2.3.2 Costs for Hydrochloric Acid Treatment Alternatives.

5.2.3.2.1 Wet Scrubber with Evaporation Ponds.

Costs of Equipment
Costs of Installing Utilities

Total Costs for Start-Up

$67,000
$19,100,000
$19,167,000

Costs of Annual Operations and Feedstocks
Secondary Waste Handling & Disposal Costs

Total Costs of Annual Operations & Wastes -

5.2.3.2.2 Wet Scrubber with Discharge to 282WA Reservoir.

Costs of Equipment
Costs of Installing Utilities

Total Costs for Start-Up

Costs of Annual Operations and Feedstocks
Secondary Waste Handling & Disposal Costs

Total Costs of Annual Operations & Wastes

5.2.3.2.3 Wet Scrubber with Mechanical Evaporator.

$64,000
$58,000
$122,000

$67,000
$260,000
$327,000

$62,000
$0
$62,000

Costs of Equipment
Costs of Installing Utilities

Total Costs for Start-Up

$1,067,000
$100,000
$1,167,000

Costs of Annual Operations and Feedstocks
Secondary Waste Handling & Disposal Costs

Total Costs of Annual Operations & Wastes

$130,000
$58,000
$188,000

69

'C



DOE/RL-91-32
Draft B

5.2.3.2.4 Dry Scrubber.

Costs of Equipment $490,000
Cdsts of Installing Utilities $0

Total Costs for Start-Up $490,000

Costs of Annual Operations and Feedstocks $32,000
Secondary Waste Handling & Disposal Costs $70,000

Total Costs of Annual Operations & Wastes $102,000

5.3 PREFERRED REMEDIAL ALTERNATIVE

Based on the preliminary technology screening, screening factors, and
selection criteria of the EE/CA, the preferred alternative for Phase I of the
200 West Area carbon tetrachloride ERA is vapor extraction utilizing existing
vertical wells and carbon canisters with offsite regeneration. One VES will
be used at the 216-Z-1A Tile Field and the 216-Z-18 Crib and the other VES
will be used at the 216-Z-9 Trench.

Vapor extraction technology was the only retained remedial alternative
from the screening process of Section 3. The characteristics of the source
zone are favorable to the implementation of vapor extraction (see Section 3.4
and Table 2) and the pilot testing of a VES demonstrated the ability to remove
large amounts (several tens of thousands of kg) of carbon tetrachloride in a
reasonable amount of time (several months to a few years) from above the
caliche layer (see Section 4.5).

The categories of remedial technologies associated with the vapor
extraction system are (1) well type and (2) extracted vapor treatment process.
The selection of each specific remedial technology was based on the ability to
satisfy the threshold screening factors and the ranking by the selection
criteria. The technology in each category that passed the screening factors
and ranked highest among the selection criteria became the chosen remedial
technology of the vapor extraction system.

The threshold screening factors are (1) compliance with ARARs and (2)
protection of the environment and public health. Section 5.1 discusses these
factors and includes a discussion of the air dispersion modeling performed for
each of the extracted vapor treatment processes and their ability to meet the
ARARs. Carbon canisters with offsite regeneration was one of only two
extracted vapor treatment processes that meet all of the ARARs. The interim
action of Phase I, like the final action of Phase II, is expected to fully
comply with the ARARs.

As shown in Table 6, all the well types and all the extracted vapor
treatment processes except the "No Treatment" alternative were retained by the
threshold screening factors for further evaluation by the selection criteria.

In the selection criteria evaluation of Section 5.2, the well types and
extracted vapor treatment processes were evaluated for (1) effectiveness, (2)
implementability, and (3) cost.
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Existing vertical wells were chosen because of their demonstrated
effectiveness during the pilot testing of the VES, implementability and
availability, and low cost to modify for the purpose as compared to the
installation of new wells. It is planned that at each disposal site several
existing vertical wells will be used for extracting the soil vapors and that
several others will be used for monitoring the vacuum in the subsurface.

The results of the evaluation criteria of the extracted vapor treatment
processes are summarized in Table 4. The effectiveness of carbon canisters
with offsite regeneration is shown by the 99% long-term removal efficiency of
carbon tetrachloride from the soil vapor stream and its ability to meet all of
the ARARs. This alternative is implementable is 4 mo, which is the shortest
time of any of the retained alternatives and will allow a VES to be operating
quicker than any of the other alternatives. Though it is not the least costly
of the alternatives, the total purchase and operation costs for the first year
for this alternative are not unreasonable compared to the other alternatives.
The ranking of carbon canisters with offsite regeneration is the highest of
the extracted vapor treatment process alternatives considered for Phase I.

In addition to the factors noted above, the overall design of the
remedial alternative will allow operation of the system through the wide range
of conditions expected during the interim Phase I. This adaptability will be
required because of the dynamic nature of the carbon tetrachloride removal
from the source zone. This adaptability will also be necessary during Phase I
because of the planned demonstration testing of various well types and carbon
tetrachloride treatment alternatives. This demonstration testing, along with
the operational information and further evaluation and costing of the various
alternatives, will aid in selection of the preferred remedial alternative for
the planned long-term operation of Phase II of the 200 West Area carbon
tetrachloride ERA.
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6.0 IMPLEMENTATION

Implementation of this proposal is contingent on approval by the EPA as
the lead agency. Careful consideration must be accorded to additional ARARs
and public comments that are brought out during review prior to
implementation.

The schedule for implementation is presented in Figure 4. This schedule
assumes issuance of an EPA Action Memorandum Authorizing implementation by
December 16, 1991. An Action Memorandum received beyond that date will
require adjustment of the schedule.

6.1 PHASE I

The Phase I operations will begin the production-scale removal of carbon
tetrachloride from the source zone. One VES will operate on the section of

c the source zone underlying the 216-Z-1A Tile Field and the 216-Z-18 Crib and a
second VES will operate on the section of the source zone underlying the
216-Z-9 Trench. Specific removal rates, as well as other operational
parameters, will be established during the start-up stage of the systems.

The initial VES mechanical equipment located near the 216-Z-1A Tile
Field will be an upgrade of the equipment used during the pilot test and will
utilize caYbon canisters as the carbon tetrachloride treatment process. The
carbon canisters will be regenerated offsite. The mechanical equipment will
be replaced with larger volume equipment when procured and carbon canisters
will continue to be utilized through Phase I.

The VES mechanical equipment for the 216-Z-9 Trench will be the
identical larger volume equipment used in the other VES and will also utilize
carbon canisters with offsite regeneration.

Carbon canisters will be used in Phase I because of their availability
and demonstrated effectiveness. The use of carbon canisters will provide an
opportunity for the treatment alternatives presented in this proposal to be
investigated in more detail and demonstration testing can be performed
(Section 6.2.1). This will provide information for the decision regarding the
treatment system for the Phase II operations.

Existing wells, perforated in several intervals, will be used for
extraction and monitoring during the Phase I operations. Well configurations
and placement will be varied with time as a means of obtaining information
concerning the subsurface and providing additional site characterization.
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6.1.1 Additional Site Characterization

Additional site characterization is planned to establish baseline
monitoring networks, provide data to improve design efficiency of each VES,
and address health and safety concerns. The work will continue to focus on
the nature, quantity, and lateral and vertical distribution of carbon
tetrachloride, with particular emphasis on the unsaturated zone. Examples of
additional field activities being considered include drilling and sampling new
boreholes, improving and evaluating soil gas sampling, and collecting field
data to support the modeling process. In addition, upon EPA direction,
further investigation of drilling and well completion practices, well
integrity, and liquid effluent disposal practices in the vicinity of the
carbon tetrachloride contamination will be evaluated (see Section 3.2). As in
the initial site characterization, work in radioactively-contaminated areas
and generation of radioactive and hazardous wastes will be minimized. A work
plan will be provided detailing the specific tasks and schedule.

6.1.2 Project Assessment and Reports

Operation of each VES will be guided by ongoing assessment of vapor
concentrations, radiation and zone of influence data, and experience in
mechanical subsystems and instrument performance. Routine reports will
identify the active extraction wells, incremental and cumulative amounts of
carbon tetrachloride extracted, changes in equipment configuration and
extraction locations, general performance of the system, and problems
encountered. An overall evaluation of the system will be prepared after
sufficient data and operating experience are accumulated to support a request
for approval of Phase II expansion plans.

6.2 FEASIBILITY STUDY

During the Phase I operations, two feasibility studies will be
undertaken. These studies will include both a review of available information
and demonstration testing at the site.

6.2.1 Onsite Treatment

The onsite treatment feasibility study will attempt to identify the most
favorable alternative for the onsite treatment of the carbon tetrachloride in
the soil vapor extracted from the source zone for potential implementation in
Phase II remediation. Onsite treatment of the carbon tetrachloride is
preferable because it would not require offsite shipment or burial of
hazardous constituents.

The treatment alternatives evaluated may include some of those presented
in this proposal as well as others not previously discussed. The
demonstration testing will utilize a sidestream of soil vapor from a VES to
scrutinize the effectiveness and operational capabilities of various pilot and
full-scale treatment systems.
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6.2.2 Wellfield Design

The feasibility study investigating the wellfield design will attempt to
delineate the optimum design of the existing wells and placement and type of
new wells. Due to the limited information concerning the variable
concentrations of carbon tetrachloride in the source zone and the unclearly-
defined stratigraphic characteristics of the subsurface, the optimum design of
the wellfield will be an evolutionary process as operational information is
gathered during Phase I. Variables such as flowrates; vacuums, extraction
intervals, and extraction rates will be used to develop an understanding of
the subsurface. Injection and the use of horizontal wells will also be
assessed. Additionally, various drilling techniques may be tested at the site
to test their applicability to the project.

6.3 PHASE II

Phase II of the carbon tetrachloride extraction project is planned to be
the long-term production-mode removal of carbon tetrachloride from the source
zone. It is expected to consist of additional extraction systems or major
increases in the capacity of the original equipment, installation of new
extraction wells or moving the system to additional release locations, and
implementation of long-term VESs. The conclusions from the feasibility
studies will provide input for the selection of the carbon tetrachloride
treatment-equipment and the wellfield design.

An overall assessment of the performance of the Phase I systems and
proposal for Phase II operations will be forwarded to the EPA and Ecology for
review. Phase II implementation will not be initiated without concurrence by
the agencies.
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Date: April 17, 1974

To: R. E. Olson

From: T. Crawley

Subject: PLUTONIUM RECLAMATION FAC LITY OR IANC
CONSUMvTION

On January 11, 1973, Process Test PRF-72- 1 4, "Optimiza-
tion of CX Column," was initiated to improve the efficiency
of the CX column, to maintain the process organic quality
and reduce organic usage. Three weeks of operating the
CX column with a top interface and increased volume
veocity showed greatly improved dibutyl phosphate (DBP)
removal efficiency. The new operating conditions were
incorporated into the standards and procedures.

On May 15, 1973, all intentional organic discards
were discontinued. Contaminated discards to ground
were terminated and contaminated aqueous streams were
discarded to he 242-T Waste Evaporator.

This document re orts the organic charges to the
Plutonium Reclaation Facility in 1973 and compari-
sons with earlier organic charges. Table I lists the
organic chemical charges to Z Plant. The table lists
the charges by calendar year since the startup of the
Plutonium Reclamation Facility (PRF) in May 194, and i rF('&-
Waste Treatment Facility (WT) in Septeber 19o14. The I
average monthly volume is listed with the total charges.

After Process Test PRF-72-14 was initiated in January
1973, and the change in organic cleanup was adopted,
some organic discards were still made to the 216-Z-18
crib until May 15, 1973. On May 15, 1973, (as mentioned)
intentional discards of organic were discontinued as
a matter of policy and all aqueous discards were
routed to the 242-T Evaporator via the D-5 tank. No
intentional discards have subsequently been made.

The CAX makeup procedure was revised at the end of
October 1972, because it was believed that organic
was being decanted to the chemical sewer during the
preparatory washes. The revision was made to minimize
the organic discards during decanting. However, heavy
organic was noted in the outfall to the 216-Z-19 ditch
as late as July 1973.

A-1 .
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The organic charges for 1973 are one half of that for
1972. The decrease is not as great as was' anticipated.
The charges through May 1973, were more than half of the
total 1973 charges. However, there was no operation for
about 2 months during the year following the month of May
due to an inability to discard waste to the 242-T Evaporator.
The decrease may be as great as to one quarter cf the 1972
rate but a longer period of operation and ot'servation are
needed to make a better comparison.

The "Handbook of Chemistry and Physics" lists the
solubility of carbon tetrachloride (CCl) in water as
.08 grams per 100 ml. Calculations using the volume
of aqueous waste discards to the D-5 tank indicate
thdt approximately 2 to 3 percent of the CCl would
be discarded as dissolved CC1 . The TBP and DBBP
solubilities are equally sma~i or smaller.

The new organic makeups (20% TBP and 30% DBBP) account
for about 63% of the CClI charged to Z Plant. The
difference between makeups and charges (37%) is assumed
to be due to evaporation. This averaged about 640
liters per month for 1973. For 1972 it was about 1300
liters per month.

The organic liquid volume not lost to evaporation or
solubility is assumed to be lost by entrainment with
the aqueous waste discards to D-5. This averaged about
1400 liters per month during 1973. The aqueous waste
volume discarded from PRF and WT for June through December
1973, averaged about 80,000 liters per month. The organic
lost due to assumed entrainment with the aqueous waste is
about 2% of the discards to the D-5 tank (aqueous having
been in contact with organic in the above facilities;
tanks 39, 40, W-3, w-4 and W-5). This organic loss rate
is 3-4 liters.per hour.

Earlier estimates of probable organic loss were about
1 liter per hour compared with the 1973 experience of
3-4 liters per hour.

No direct data is available on losses of organic due
to degradation but it certainly enters into the losses.
Organic on the hood floor must certainly contribute
to degradation losses but cannot be entirely avoided.
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April 17, 1974-

Nearly a year of operation has not shown a need for
intentional discard of organic. The indications are
that it might not be necessary in the future either.

DTC:rzh

cc: MH Curtis
DA Danch
DA Dodd
PC Doto
DG Harlow
JR Irish
GA Nicholson
CM Peabody
DA Turner

A-3
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PLUTONIUM RECLAMATION FACILITY
ORGANIC CONSUMPTION

Carbon
Tetrachloride,

drums,
Year

1964

1965

1966

1967

Dibutylbutyl
Phosphonate,

pounds

67
1680 1/mo.

162
2700 1/mo.

347
6010 i/mo.

240
4000 1/mo.

215 '
3580 1/mo.

144
24.00 1/mo.

166
2767 1/mo.

178
2970 1/mo.

215
3580 1/mo.

104
1730 1/mo.

Tributyl
Phosphate,

pounds

2920
170 1/mo.

11,724
455 1/mo.

21,936
851 1/mo.

88oo
341 1/mo.

14,o6o
545 1/mo-

7480
290 1/mo.

11,44o
443 1/mo.

10,560
41o 1/mo.

11,44o
443 1/mo.

5720
222 1/mo.

Comments

Startups - 236-Z:
242-Z:

May 1964
Sept. 1964

1720
206 1/mo.

10,583
423 1/mo.

15,352
613 1/mo.

12,165
486 1/mo.

7838
313 1/mo.

6431
257 1/mo.

5655
226 1/mo.

4875
195 1/mo.

4350
174 1/mo.

2175
87 1/mo.

A-4

3 shift

to 4 shift in March,1 1/2 MO.
strike

to 3 shift in June

3 shift

3 shift 242-Z down 3 mos.

3 shift

3 shift

3 shift

3 shift (6 day week July and
Aug.) 236-Z down 1 1/2 mos.
Tank Farm leaks, 242-T unable
to receive aqueous waste,
Organic discards discontinued
in May,

1968

1969

1970

1971

1972

1973
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CALCULATIONS

CC1at Consumption

1973

CAX 222 1 TBP/mo. from table X 4 = 888 liters CC 14/mo.

CAX 20% TBP

EIX 87 1 DBBP/mo. from table X 2.3 = 200 liters CC 4 /mo.

ElX 30% DBBP

Total CC14 for makeups 1088 liters/mo.

CCl 4 loss due to evaporation = 1730 1 CC1 4 /mo. from table -1088

64o 1/mo.

1088 X 100 = 62.9% of CC14 for makeups
1730

100 - 63 = 37% of CC14 to evaporation

1972

All the figures for above calculations are twice those for

1973, hence 1300 liters/mo. for CC14 evaporation.

Organic Entrainment

CAX 222 1 TBP/mo. from table X 5 = 1110 liters/mo.

ElX 87 1 DBBP/mo. from table X 3.33 = 290 liters/mo.

Total rakeup volumes

14.00

80,000 1/mo. waste

Oraanic Loss Rates

52 weeks per year

1400 liters/mo.

X 100 = 1.75% 2%

52 X 5 days/week = 260 working days/year

Holidays per year -9

Working days/year available 251

251 = 20.92 working days per mo. available
12

21 X .8 (ruc--haniceal efficiency) = 16.8 days/mo. operating ti

A-5
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16.8 X 24 = 403 hrs./mo. operating time

1400 liters/mo. organic makeup's

403 hrs./mo.
= 3.47 liters/hr. instantaneous

loss rate

A-6
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Environmental Protection Hanford Project Office
Agency 712 Swift Soulevard, Suite 5

Richland WA 99352

%EPA

December 20, 1990

Steven H. Wisness
Hanford Project Manager
U.S. Department of Energy
P.O. Box 550, A6-95
Richland, Washington 99352

Ref: 200 West Area Carbon Tetrachloride Interim Response Action

Dear Mr. Wisness:

The United States Environmental Protection Agency (EPA) and
the Washington State Department of Ecology (Ecology) have
reviewed the Interim Response Action (IRA) proposal for the 200
West Area Carbon Tetrachloride IRA enclosed with your December 6,
1990 letter. Based on the information provided, we believe that
early action could successfully limit the further spread of
carbon tetrachloride vapors in the unsaturated zone beneath the
200 West Area and intercept much of that material prior to
entering the groundwater. We encourage you to proceed with
detailed planning, including non-intrusive field work that is
required to implement this action. Since the 200 West Area
carbon tetrachloride plume emanates from the 200-ZP-1 Operable
Unit and EPA is the lead regulatory agency for that unit, EPA
will be the lead agency for this IRA and Ecology will be the
support agency.

A final proposal for this action is required and must
include sufficient information for us to develop an Action
Memorandum. The Action Memorandum will be the mechanism for
approving the start of IRA field work.

EPA and Ecology believe the current proposal schedule, as
presented, could be shortened by implementing the removal action
in a phased approach. It appears that existing structures,
principally vadose zone monitoring wells, could be modified to
extract vapors or inject air to enchance carbon tetrachloride
recovery. This action could be initiated at one of the primary
sources to evaluate recovery efficiency, air injection and
withdrawal rates as well as other process design data. This
information would provide valuable data to increase removal
efficiency and locate additional vapor extraction and recovery
wells, and will allow for flexibility in final design of the IRA
project.

A-7 Exhibit 1
page I of 2
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S. H. Wisness -2- December 20, 1990

An Engineering Evaluation/Cost Assessment (EE/CA) for this
project is required. Of particular concern, is the treatment of
the vapors extracted and the treatment or recovery alternatives
to be evaluated in the EE/CA. Implementation of this IRA does
not represent a final solution to the carbon tetrachloride
problem, but it may, in fact, make that final solution
attainable. In other words, we consider this IRA to be
consistent with the likely-preferred alternative(s) for carbon
tetrachloride remediation at this point in time.

It is important that we develbp a meaningful public
involvement process for this action that would begin in the near
future. As part of this effort, we suggest that a fact sheet be
prepared for this IRA to be used at the next Tri-Party quarterly
meeting schedule for mid-January. Additionally, we are
requesting a project descriptipn to be submitted on the IRA no
later than January 9, 1991.

According to the October 18, 1990 Agreement in Principle,
the funding for this project is in addition to that identified to
meet previously identified activities required by the Tri-Party
Agreement.

If you have any questions on the above, please do not
hestitate to contact either one of us. Additionally, we intend
to maintain regular staff interaction, allowing for early
identification of issues or concerns.

Sincerely,

PauT. Day Timothy L. Nord
Hanford Project Manager Hanford Project Manager
U.S. Environmental Protection Washington State
Agency Department of Ecology

cc: Willis Bixby, DOE
Roger Stanley, Ecology

Exhibit I
A-8 page 2 of 2
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B.1 INTRODUCTION

This section provides a discussion of the results of current and
previous investigations of the carbon tetrachloride disposal sites at Hanford,
Washington. Information is presented about site operations, site physical
characteristics, and the extent of contamination. To satisfy the requirements
of NEPA, general descriptions of the Hanford Site ecology and cultural
resources are included. A conceptual model of the behavior and distribution
of contaminants in the subsurface is then provided.

The proposed ERA would take place in the 200 West Area on the Hanford
Site. The Hanford Site is a restricted access area of approximately 1,450 km2

in semiarid southeastern Washington. The 200 West Area is located near the
middle of the Hanford Site, approximately 11 km east of the western boundary
of the Hanford Site and approximately 8 km south of the Columbia River
(Figure B-1); it is not located in the Columbia River floodplain. There are
no wetlands in the vicinity of the 200 West Area carbon tetrachloride disposal
sites.

PN
The 200 West Area is located approximately 29 km northwest of the city

c- of Richland. Richland lies within the Columbia Basin, which includes Pasco,
Kennewick, and surrounding agricultural communities. In 1990, the estimated
population of the three cities was 85,980 (PNL 1990).

B.1.1 Site Evaluation Investigations

The first geologic investigations of southeastern Washington were made
around the turn of the century in an effort to evaluate the area's ground
water resources. Operation of the Hanford facilities from 1944 to the present
has resulted in the discharge of large volumes of radioactive liquid waste to
the ground on the Hanford Site and has prompted extensive investigations into

__ the geologic and hydrologic characteristics of the sediments underlying the
Hanford Site. These numerous previous studies, particularly of the 200 West

- Area, were used in part to compile the conceptual hydrogeologic model
presented below.

rV%

Since the 1950s, samples of ground water underlying the 200 West Area
have been analyzed for radiological constituents characteristic of the liquid
waste discharged to the soils. Since the mid 1980s, ground water samples have
been analyzed for hazardous chemical constituents also. These data have been
used to compile ground water plume maps for the 200 West Area. Although some
data have been published on the distribution of radiological contaminants in
the unsaturated zone underlying specific cribs in the 200 West Area, virtually
no such studies have been conducted on distribution of hazardous chemical
contaminants.

B-1
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Figure B-1. Hanford Site Map and Location of the 200 West Area.
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A program to collect site-specific data during Phase I site evaluation
was outlined in the 200 West Area Carbon Tetrachloride Project Plan (Hagood
and Rohay 1991). The purpose of the data collection program was to:

- better define geologic and hydrogeologic characteristics of the
site

. better define lateral and vertical distribution of carbon
tetrachloride and co-contaminants

- provide data necessary for design and implemention of the remedial
action.

Data were also collected to verify and revise the preliminary conceptual
model that most of the carbon tetrachloride discharged to the ground in the
200 West Area is still present in the unsaturated zone.

Phase I site evaluation was conducted from January through April 1991.
Phase I tasks included compiling existing data and conducting field activities
to collect new data.

B.1.2 Approach

The Phase I site evaluation was designed to supplement previous studies
with data specific to the nature and distribution of carbon tetrachloride and
its co-contaminants, with special emphasis on the unsaturated zone underlying
the disposal sites. These data were identified as necessary to determine
whether interim remedial action is justified, to provide input for design and.
implementation of the remediation, and to verify and refine the initial site
conceptual model.

To complete the ERA, the site investigation relied on a phased approach
and was designed to optimize use of screening level data. Field activities
for the first phase were limited primarily to nonintrusive activities to avoid
delays and costs related to drilling in and around radioactively contaminated
soils. In addition to maximizing the use of existing data, data collection

rN tasks were designed to minimize both work in radiologically contaminated areas
and the generation of radioactive and hazardous wastes.

B.2 SITE OPERATIONS

This section describes site carbon tetrachloride usage and disposal at
and near the 200 West Area Z Plant (Figure B-2). No other plant in the
200 West Area is known to have used carbon tetrachloride.

Z Plant (currently called the Plutonium Finishing Plant [PFP]) is a
complex of chemical processing facilities designed to process Hanford-
generated plutonium to a final product form. Uranium-bearing fuel rods were
irradiated in one of the several Hanford production reactors; a process which
creates plutonium from uranium. The irradiated rods were processed through
one of Hanford's chemical separation facilities where the plutonium was
extracted and transferred as plutonium nitrate to Z Plant.
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Figure B-2. Site Map of the 200 West Area.
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Z Plant then processed the plutonium nitrate to a final form on one of
three process lines. Each of these process lines generated side streams which
contained recoverable quantities of plutonium.

Recuplex and the Plutonium Reclamation Facility (PRF) were established
to recover plutonium from these streams and were the primary contributors of
carbon tetrachloride to Z Plant soils. The Waste Treatment and Americium
Recovery Facility that was added to PRF also contributed carbon tetrachloride
waste.

B.2.1 Processes Using Carbon Tetrachloride

Historically, carbon tetrachloride was used, in mixtures with other
organics, to recover plutonium from aqueous streams containing plutonium
nitrate. Solvent extraction processes using pulse columns were used in PRF
and its pilot facility, Recuplex, to recover the plutonium.

The extraction process involved an aqueous feed containing impurities
and plutonium entering the bottom of the column, while the dense organic

Ca stream entered the top. As the aqueous stream moved upward and the organic
stream moved downward in the column, the organic extracted the plutonium from
the aqueous stream. The plutonium then left the bottom of the column with the
organic, and most of the impurities left the top of the column with the
aqueous waste. The plutonium-rich organic then entered another extraction
column, where the organic stream was stripped of its plutonium by another
aqueous stream. Although the solvent was routinely recycled, it was
periodically purged and discharged as waste to the soil column.

The organic stream in the process consisted of a mixture of carbon
tetrachloride and tributyl phosphate (TBP). The TBP forms several complexes
with the plutonium in the organic phase, thus extracting the plutonium from
the aqueous phase. The carbon tetrachloride was added as a diluent (meaning
that the TBP was diluted with carbon tetrachloride) for several reasons:

1. To increase the density of the organic stream. (TBP alone has a
density nearly equal to that of the aqueous stream; the extraction
processes require that the aqueous and organic streams have
significantly different densities.)

2. To dissolve the TBP while remaining immiscible with the aqueous
stream.

3. To serve as a fire suppressant in combination with the TBP,
reducing the potential for fire in the process.

4. To reduce the viscosity of the TBP, thus improving mass transfer.

Carbon tetrachloride was also used, in lesser amounts, in the americium
recovery process as a diluent for dibutyl butyl phosphonate (DBBP) and in
lubrication oil for machining of metal parts.
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The aqueous waste stream, characterized as a high-salt aqueous waste,
was primarily a concentrated nitrate solution that had a pH of I (Kasper
1982). The aqueous phase was saturated with organic liquids consisting of
carbon tetrachloride, TBP, and DBBP; the organic content of the aqueous phase
was <1%. Large quantities of aqueous wastes were also discharged to the soil
column through the same cribs which received the organic liquids described
above.

The chemical processes used to recover plutonium resulted in the
production of actinide-bearing aqueous and organic waste liquids. The primary
radionuclide components of these liquids were 239/240 plutonium and 241americium.

B.2.1.1 Recuplex Operations. Recuplex, located in the 234-5Z Building
(Figure B-3), operated from 1955 through 1962. It was initially a semiworks
(pilot) plant and was later used as a semiproduction operation. It served as
a multipurpose solvent extraction plant for plutonium purification and
fabrication production lines. Its main purpose was to recover plutonium from
various Z Plant streams.

Two solvents were used for the entire period of plant operation. An
85:15 ratio (by volume) of carbon tetrachloride to TBP was used in the
extraction and stripping columns for the bulk of the separations. A 50:50
ratio of carbon tetrachloride to DBBP was used for batch rework of process
liquids that did not meet waste discharge specifications because of plutonium
concentrations.

Other ratios of carbon tetrachloride to TBP were tested during the semi-
works (pilot) period of operation and used during plant operation, but 85:15
gives the most conservative estimate and is used, for all Recuplex waste volume
calculations in this report.

With exposure to ionizing radiation and nitric acid, the TBP within the
solvent would gradually degrade to dibutyl phosphate (DBP). DBP has a much
greater affinity for plutonium than TBP and would not work in the process
because of its poor stripping properties. The degraded solvent was
periodically discharged batch-wise and replaced with fresh solvent. Each
batch of TBP-based solvent was 200 L. All solvent discharges were received by
the 216-Z-9 Trench.

Degradation products of carbon tetrachloride include chloroform and
methylene chloride. Breakdown products of TBP include DBP, monobutyl
phosphate (MBP), and butyl alcohol.

On occasion, through a process upset, aqueous liquid from the primary
extraction column would exceed the maximum allowable plutonium concentration.
To reclaim plutonium, a batch of aqueous liquid was mixed with DBBP solution.
The organic phase would extract most of the plutonium, leaving aqueous phases
that met the waste discharge concentration specification. The aqueous phase
was discharged, and the DBBP solution was stripped, providing for the recycle
of plutonium to the Recuplex feed. The DBBP solution was then discharged to
the 216-Z-9 Trench. Each batch of DBBP-based solvent was 100 L.
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Figure B-3. Site Map of the Z Plant Area.
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The DBBP solution was not retained because of the danger of mixing it
with the TBP-based solvent. It had to be kept completely separate from the
TBP-based solvent because the two would ruin each other's properties if mixed.

Tetrachloroethylene (also called perchloroethylene) and tetrabromoethane
were used at different times in combination with carbon tetrachloride as a
diluent for TBP or for cleaning agents (Smith 1973).

B.2.1.2 PRF Operations. Recuplex operation was discontinued after a
criticality incident in April 1962 and it was replaced in 1964 by PRF, which
operated until 1979, and again from 1984 to 1987. The facility is scheduled
to resume operation in late 1991. PRF is housed in the 236-Z Building
(Figure B-3).

PRF had essentially the same mission as Recuplex and used similar but
superior solvent extraction column technology with carbon tetrachloride/TBP as
the extractant. An 80:20 ratio (by volume) was used (Sloat 1967, Appendix B);
this ratio has remained the same to this date.

Solvent degradation continued to be a problem and degraded solvent was
again disposed of to the soil column, this time through the 216-Z-1A Tile
Field (1964-1969) and the 216-Z-18 Crib (1969-1973). No solvent was sent to
cribs after May 1973 (Appendix A, Crawley 1974 memorandum). From 1973 to the
present, these wastes were routed to tank farms.

An americium recovery facility, .the Waste Treatment and Americium
Recovery Facility in the 242-Z Building (Figure B-3), was added on to PRF and
also began operation in 1964. The process used a 70:30 volumetric mixture of
carbon tetrachloride and DBBP. Between 1964 and 1970, americium was recovered
by a batch operation. Between 1970 and 1976, this process operated as a
continuous countercurrent solvent extraction process. The carbon
tetrachloride/DBBP mixture was discharged to the 216-Z-lA Tile Field from 1964
to 1969 and to the 216-Z-18 Crib from 1969 to 1973. This ancillary waste
treatment facility was operated concurrently with PRF and was not considered a
separate operation.

B.2.1.3 Lubrication Oil. Another source of carbon tetrachloride discharged
to the soil was in a cutting oil used in Z Plant. "Fabrication oil" (a 75:25
volumetric mixture of carbon tetrachloride and lard oil) was used as a
lubricant on Z Plant plutonium cutting and milling tools. In 1967, the
composition of stored fabrication oil was estimated to be 50:50 volumetric
mixture of carbon tetrachloride and lard oil due to evaporation of carbon
tetrachloride (Sloat 1967, Appendix B). The carbon tetrachloride was also
used to clean the cutting oil from the millings and work surfaces. The carbon
tetrachloride/oil mixture was disposed to the same cribs used for solvent
disposal.

B.2.2 Liquid Waste Disposal Facilities

Chemical and radiological wastes from the various Hanford production
facilities have been segregated according to potential radionuclide contami-
nation and stored or disposed of accordingly. High level wastes are stored in
underground storage tanks while intermediate level wastes were, until 1973,
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routed to underground cribs for disposal. Low level wastes such as cooling
water were routed to ponds and open ditches for disposal (Smith 1980).

Recuplex- and PRF-generated wastes were chemically and radiologically
contaminated, but they were disposed of based on their radiological content.
The organic solvent-bearing wastes were classified as intermediate level
wastes and, from 1955 until 1973, were disposed of to the several cribs which
supported Z Plant operations.

Two types of cribs exist at Z Plant and both types received carbon
tetrachloride. The first type is an underground chamber which received liquid
wastes into a box-like, open-bottomed, underground structure, usually made of
wooden timbers. The second type is a drain field or tile field. Not unlike a
common septic tank drain field, these lack the large open-bottomed chamber
and, instead, introduce liquid wastes to soil through many meters of
perforated underground pipe. Both types typically rest on a gravel bed to aid
in rapid dispersion of liquid to soil. Particulate matter contained in the
waste liquid would be filtered by the first few centimeters or decimeters of
soil and thus be effectively contained in the soils immediately beneath the
crib. The two types of waste units were sometimes combined to provide a
chambered crib overflowing into a drain field.

Certain cribs were designated as specific-retention cribs, meaning that
the pore space in the soil column below the crib was intended to hold the
disposal liquid against the force of gravity by the molecular attraction
between sediment grains and the surface tension of the liquid. 'In practice,
the total volume of liquid that could be discharged to a disposal site of
known dimensions without leakage to the ground water was determined and
specified before discharge to ensure that contaminants did not reach the
ground water. After the specified quantity of liquid waste had been dis-
charged, i.e., the specific-retention capacity had been reached, the specific-
retention crib was no longer used to receive waste. Specific-retention cribs
have not been used since 1973 (Brown et al. 1990, Price et al. 1979).

Z Plant disposed of liquid carbon tetrachloride-bearing solvents and
associated aqueous wastes primarily to three waste sites from 1955 until 1973,
when solvent discharge to soil was discontinued: the 216-Z-9 Trench (a cham-
bered crib), the 216-Z-1A Tile Field (specific-retention drain field), and the
216-Z-18 Crib (specific-retention drain field) (Figure B-3). A small volume
of carbon tetrachloride may have been discharged to other sites (e.g., 216-Z-1
and 216-Z-2 cribs, 216-Z-12 Crib, 216-Z-19 Ditch).

B.2.2.1 216-Z-9 Trench. The 216-Z-9 Trench operated from 1955 to 1962 to
receive all solvent and aqueous wastes discharged to soil by the Recuplex
facility. No other cribs were used for this purpose. Furthermore, 216-Z-9
only received wastes from Recuplex.

The 216-Z-9 Trench is an enclosed earthen trench, located about 215 m
east of the 234-5Z Building and about 150 m south of 19th Street. The base of
the trench is a 18.3- by 9.1-m excavation, 6.1 m deep. The surface is a 36.5-
by 27.4- by 0.23-m-thick concrete trench cover at ground level. Waste was
transferred by gravity through one of two 3.8-cm stainless steel lines which
entered the trench about 5 m above its bottom. The concrete pad is supported
by six 7-m-tall concrete columns (Ludowise 1978, Owens 1981, WHC 1991a).
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Due to the high salt content and acidic nature of the Recuplex wastes,
considerable gassing and soil plugging were expected when the wastes contacted
the soil. As a result, the enclosed trench volume and active floor area were
designed to handle the slow percolation rates of the wastes. However, the
216-Z-9 Trench was not designed as a specific retention facility (Brown et al.
1990).

B.2.2.2 216-Z-1A Tile Field. The 216-Z-1A Tile Field was constructed in 1949
and was used between 1949 and 1959 to receive overflow liquid waste from three
adjacent cribs (216-Z-1, 216-Z-2, and 216-Z-3). The waste stream consisted of
basic (pH 8 to 10) process waste and analytical and development laboratory
waste from Z Plant via the 241-Z Settling Tank. Disposal to these facilities
ceased in 1959. However, in 1964, the 216-Z-1A Tile Field was reactivated to
receive aqueous and organic waste from the PRF in the 236-Z Building and the
242-Z Waste Treatment and Americium Recovery Building. This waste stream was
routed directly to the tile field.

Between 1964 to 1969, the tile field was divided into three operational
sections (Z-1AA, Z-1AB, Z-1AC) to preclude waste buildup at the northern end
of the field. This tile field was designed and operated as a specific-
retention facility. No other facility received PRF wastes from 1964 to 1969
except on two brief occasions while modifications were being made to the tile
field effluent piping and PRF wastes were discharged to the 216-Z-1 and -2
cribs.

The 216-Z-1A Tile Field is a drain field located about 150 m south of
the 234-5Z Building and about 300 m west of Camden Avenue. The tile field has
surface dimensions of approximately 60 by 110 m. The side walls of the
5.8-m-deep excavation were sloped inward, resulting in a floor dimension for
the facility of approximately 35 by 84 m. The floor of the excavation was
covered by a 1.2-m-thick cobble layer with a minimum north-to-south surface
slope of 1%. A herringbone pattern of 20-cm-diameter pipe, composed of a
79-m-long, north-south central distributor pipe and seven pairs of 21-m-long
laterals, was placed on this cobble layer. The 30- by 79-m rectangular area
covered by the piping system was then overlain with 15 cm of cobbles and 1.5 m
of sand and gravel. A sheet of 0.05-cm-thick polyethylene covered by 30 cm of
sand and gravel was also added to the facility. Effluent piping in the
216-Z-1A Tile Field is vitrified clay pipe. The central distributor pipe is a
continuous line, without perforations; the laterals are divided into
0.3-m-long segments. A 5-cm-diameter stainless steel pipe was added inside
the central distributor clay pipe as the field was modified into three
operational sections (Price et al. 1979, Owens 1981). The tile field has not
been backfilled; the surface remains about 2.5 m below grade.

The 216-Z-1 and -2 cribs received PRF aqueous and organic wastes for a
few weeks in 1966 and again in 1967 while modifications were being made to the
216-Z-1A Tile Field. They are located immediately north of the 216-Z-1A Tile
Field. They are wooden box structures arranged in a north-south line. Each
is 3.7 by 3.7 by 4.3 m high, is constructed of 15- by 15-cm timbers, and has a
open bottom. Each box stands in a 4.3-m square by 6.4-m-deep, backfilled
excavation. By design, the 216-Z-2 Crib overflowed into 216-Z-1, which
overflowed into the tile field (WHC 1991a).
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B.2.2.3 216-Z-18 Crib. The 216-Z-18 Crib operated from 1969 to 1973,
receiving PRF aqueous and organic wastes as a replacement for the 216-Z-IA
Tile Field. It is a drain field type crib located southwest of 216-Z-1A and
about 300 m south of the 234-5Z Building. It consists of five parallel,
north-south oriented excavations, each 63 by 3 m, ranging from 4.5 to 5.5 m
deep. A 91-m-long, 7.6-cm-diameter steel pipe runs east and west, bisecting
the length of each excavation. Two 30-m-long, 7.6-cm-diameter, perforated,
fiberglass-reinforced, epoxy pipes exit each side of the steel pipe in each
excavation (two lines north and two lines south). These distribution lines
are 0.3 m above the crib bottom in a 0.6-m-thick bed of 3.8 to 7.6 cm gravel.
The gravel is covered by a membrane barrier overlain by approximately 15 cm of
sand. The excavations are backfilled to grade. The westernmost of the five
trenches was never used (WHC 1991a). This crib was designed and operated as a
specific-retention facility.

B.2.2.4 Other Facilities. Two other sites in the vicinity of Z Plant that
probably received a small volume of carbon tetrachloride are the 216-Z-12 Crib
and the 216-Z-19 Ditch.

The 216-Z-12 Crib, located near the northwest corner of the 216-Z-18
C Crib, received analytical and development laboratory waste from the 234-5Z

Building from 1959 to 1973. The contribution from the Development and
Analytical Laboratories constituted approximately 8% of the total monthly
input to the crib. Although little information is available on the nature of
this waste, it is assumed to be representative of the nature of experimental
and analytical work done during that time period. Most of the development
work would have been related to studies of separation processes in support of
Z Plant operations and probably involved nitrate solutions and organic phases
containing carbon tetrachloride. Bulk organics were collected and disposed of
in batches to the active carbon tetrachloride disposal site (216-Z-9,
216-Z-1A, or 216-Z-18). Thus, only a small volume of organics would have been
discarded to the 216-Z-12 Crib (Kasper 1981).

The 216-Z-19 Ditch was used to convey process cooling water and steam
condensate from the 234-5Z Building to the 216-U-10 Pond from 1971 to 1981.
The Crawley memorandum (Appendix A) states that "heavy organic was noted in

'N the outfall to the 216-Z-19 Ditch" in 1973. This organic probably contained
carbon tetrachloride.

B.2.3 Waste Inventories

The following estimates of the volumes and quantities of various liquids
and contaminants discharged to the three principal carbon tetrachloride
disposal facilities are based on research into existing documentation, eye
witness descriptions, and process knowledge. A total of 363,000 to 580,000 L
of carbon tetrachloride is estimated to have been discharged to the soil
column between 1955 and 1973 (Table B-1).
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Table B-1. Contaminant Inventory in Carbon Tetrachloride
Liquid Waste Disposal Sites.

Contaminant 216-Z-9 216-Z-1Aa 216-Z-18

Carbon tetra-
chloride (L) 83,000-300,000 170,000b 110,000

Plutonium (kg) 106c 57 23

Americium (kg) 2.5 1 -0.4

Total liquid (L) 4.09 x 106 5.2 x 106 3.86 x 106

Period of Use 1955-1962 1964-1969 1969-1973

a From 1949-1959, the 216-2-1A Tite Field received approximately 1 x 106 L of slightly basic,
aqueous waste via overflow from associated 216-Z-1, -2, and -3 cribs prior to disposal of PRF waste (Price
et at. T9). From 1964-1969, PRF wastes were discharged directly to 216-2-1A.

Includes fabrication oil.
c58 kg were later removed (Ludowise 1978).

B.2.3.1 216-Z-9 Trench. The Recuplex waste solutions consisted of aluminum,
magnesium, sodium, calcium, and other metal nitrate salt wastes, degraded
solvents (TBP or DBBP in carbon tetrachloride), other organics such as solvent
washings, fabrication oil, and other waste materials from hood and equipment
flushes (Ludowise 1978). The aq6eous wastes were accumulated in a large
stainless steel tank and periodically batch neutralized to a pH of 2.5 by the
addition of sodium hydroxide before transfer to the 216-Z-9 Trench (Judson
1956). Organic liquids were also disposed to the trench in batches.

The total volume of both aqueous and organic liquid waste discharged to
216-Z-9 was 4,090,000 L (Ludowise 1978). Of this, approximately 83,000 to
300,000 L was carbon tetrachloride, as discussed below.

Recuplex managers, engineers, and technicians were interviewed regarding
operating practices and frequency and quantity of discharges to the 216-Z-9
Trench. From these interviews, process knowledge, and research into existing
documents, the quantity of carbon tetrachloride to 216-Z-9 was estimated to be
300,000 L.

Owens (1981) reports the following quantities of carbon tetrachloride
discharged to the 216-Z-9 Trench:

* 120 tons (73,000 L) of 75-85 vol % carbon tetrachloride in
combination with TBP, DBBP, and trace MBP

* 60 tons (44,000 L) cutting oil: 50 vol % carbon tetrachloride in
combination with lard oil.

Combined, these represent approximately 83,000 L of carbon tetrachloride.
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When the 216-Z-9 Trench was deactivated in April 1962, accountability
records indicated that it contained 27.4 kg of plutonium. Based on the size
of the trench, the depth of the soil layer containing plutonium, and plutonium
concentrations, the plutonium content was estimated to be 100±50 kg; 150 kg
was carried on official records. Based on another nuclear and soil analysis
in 1973, the plutonium content of the soil was estimated to be 26 to 69 kg
with 38 kg in the top 30 cm of soil. A potential for a criticality incident
was recognized, and cadmium nitrate (a neutron absorber) was sprayed onto the
trench floor. Subsequent studies determined that the risk of criticality had
been less than originally believed. Even so, removal of the top 30 cm of
contaminated soil from the trench bottom was viewed as a means of reducing the
risk of environmental contamination. This was completed in July 1978 through
a mining operation which successfully removed 58 kg of plutonium from the crib
floor. The 58 kg of plutdnium actually removed in the top 30 cm of soil was
54% higher than the estimated 38 kg. If this 54% correction factor is applied
to the total plutonium content of the trench, then at most 106 kg was origi-
nally present and 48 kg still remains (Ludowise 1978). The americium-241
inventory is estimated to be 2.5 kg. The site still contains equipment from

r. these mining operations (Owens 1981).

C The 11,000 L of aqueous cadmium nitrate solution sprayed on the soil at
216-Z-9 contributed 11 kg of cadmium to the soil. Tests in 1973 indicated
that the bulk of the cadmium solution was retained in the top 30,cm of soil
(Smith 1973). Therefore, a significant proportion of the cadmium was probably
removed during the 1976-78 mining operations. Other co-contaminants include
aluminum, calcium, chromium, fluoride, chloride, iron, iodine, magnesium,
nickel, nitrate, rubidium, sodium, sulfate, sulfamate, cesium-137, uranium,
ruthenium-106, and strontium-90 (WHC 1991a, Owens 1981).

B.2.3.2 216-Z-1A Tile Field and 216-Z-18 Crib. The PRF high- salt aqueous
waste was approximately 2.5M nitric acid with other dissolved metal nitrates
(aluminum, magnesium, calcium, sodium), bringing the total nitrate concentra-
tion to approximately 5 to 6M. The pH of the wastes discharged to the soil
column ranged from 1 to 2.5. Solvent and plutonium-bearing aqueous wastes
from PRF were deposited to soil primarily through the 216-Z-IA Tile Field and
the 216-Z-18 Crib. The 216-Z-1 and -2 cribs received PRF wastes for two
periods of a few weeks.

The total volume of all types of liquid waste deposited to PRF waste
sites is reported by Brown et al. (1990) and Price et al. (1979) as follows:

216-Z-1 & -2 cribs 33,500,000 L 1949-1952
216-Z-1 & -2 cribs 211,000 L 1966-1969
216-Z-1A Tile Field 1,000,000 L 1949-1959
216-Z-1A Tile Field 5,200,000 L 1964-1969

216-Z-1AA 1,910,000 L 1964-1966
216-Z-1AB 1,900,000 L 1966-1967
216-Z-1AC 1,410,000 L 1967-1969

216-Z-3 Crib 178,000,000 L 1952-1959
216-Z-18 Crib 3,860,000 L 1969-1973
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Review of existing documentation combined with process knowledge sug-
gests that approximately 280,000 L of carbon tetrachloride was discharged to
soil from PRF.

Organic solvents consumed at PRF between 1964 and 1973 were reported to
be: 1,777 drums (370,000 L) of carbon tetrachloride; 71,144 lb (32,300 kg) of
DBBP; and 106,080 lb (48,100 kg) of TBP (Appendix A, Crawley 1974 memorandum).
The carbon tetrachloride consumption cannot be used to estimate discharge to
ground because a large fraction of the carbon tetrachloride brought into the
plant was undoubtedly lost to the ventilation system through evaporation
(Appendix A). However, the consumption of TBP and DBBP should provide keys to
a better estimate of the carbon tetrachloride discharged in liquid form
because (1) TBP and DBBP are very insoluble in water and have very low vapor
pressures; and (2) during operation, the composition of the solvent was well
controlled. Based on TBP and DBBP consumption, an estimated 270,000 L of
liquid carbon tetrachloride was discharged to 216-Z-1A Tile Field and 216-Z-18
Crib. Of that total, it is estimated that 160,000 L went to the tile field
and 110,000 L went to the crib.

Sloat (1967, Appendix B) estimates that about 6,000 gal (22,000 L) of
fabrication oil was accumulated, washed in IOM nitric acid to remove the
plutonium, and then routed to the 216-Z-1A Tile Field. At 50 vol % carbon
tetrachloride, this represents an additional 11,000 L of carbon tetrachloride
discharged to 216-Z-1A.

An estimated 57 kg of plutonium and 1 kg of americium were discharged to
the 216-Z-1A Tile Field (Price et al. 1979). The 216-Z-18 Crib received 23 kg
of plutonium (Owens 1981). Applying the tile field ratio of 1 kg americium
per 57 kg plutonium to the crib suggests that approximately 0.4 kg of
americium was discharged to the crib.

Other co-contaminants discharged in PRF waste include: fluoride,
nitrate, sodium, aluminum, magnesium, calcium, sulfate, strontium-90,
ruthenium-106, cesium-137, cobalt-60, and uranium (WHC 1991a, Owens 1981).

B.3 CHARACTERISTICS OF THE SITE

This section discusses the characteristics of the Hanford Site and the
200 West Area, including the carbon tetrachloride disposal sites. These
characteristics include topography, meteorology, surface water hydrology,
geology, hydrogeology, ecology, and cultural resources.

B.3.1 Topography

The Hanford Site lies within the Pasco Basin, a sediment-filled,
topographic low in the Columbia Plateau of southeastern Washington. The Pasco
Basin occupies about 4,900 km2 and is centrally located within the Columbia
Plateau. The Basin is bounded to the north, west, and south by anticlinal
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structures that form local topographic highs (e.g., Saddle Mountains,
Rattlesnake Hills), and to the east by a broad regional buried monoclinal
structure (Palouse Slope) (Figure B-4). Surface elevations within the Pasco
Basin rbnge from >910 m above mean sea-level at Rattlesnake Mountain to <105 m
above mean sea level along the Columbia River at Wallula Gap.

Within the central part of the basin, late Pleistocene cataclysmic
flooding and Holocene ealian processes have created an extensive system of
anastomosing flood channels, giant flood bars, flood plains, sand dunes, and
wind-blown silt deposits. The 200 West Area is located on the Cold Creek Bar,
a broad, flat plateau with escarpments to the north, northwest, and east which
have elevation changes of 15 to 30 m. In the 200 West Area, the surface
elevation ranges from approximately 200 to 225 m above mean sea level; the
ground surface slopes at <2 degrees toward the south.

In the vicinity of Z Plant, surface topography is primarily a result of
excavation and construction activities associated with waste management
practices (Plate 1). For example, the 216-Z-1A Tile Field, immediately south
of the 234-5Z Building, was excavated to a depth of 6 m. It was not
backfilled to grade and remains as a local, 2.5-m topographic low.

B.3.2 Meteorology

The climate of the Hanford Site is classified as mid-latitude semiarid
or mid-latitude desert. The summers are warm and dry with abundant sunshine
and winters are cool with occasional precipitation. Overcast skies and fog
occur periodically in the winter (DOE 1988).

The mean surface air temperature at the Hanford Meteorology Station
(located about 0.4 km east of the 200 West Area) averages approximately 12'C.
July tends to be the warmest month of the year with temperatures averaging
24.7'C. The highest temperature ever recorded at the Hanford Site was 46'C on
July 27, 1939. January tends to be the coolest month of the year with
temperatures averaging -1.4'C. The lowest temperature ever recorded at the
Hanford Site was -32.80 C on December 12, 1919. The average day of the last
frost is April 23 and the average day of the first frost is October 15. There
are an average of 174 d/yr which are free of freezing temperatures (DOE 1988).

Mean annual precipitation at the Hanford Meteorology Station is about
16 cm. On average, 42% of the annual precipitation falls during November,
December, and January. January is the wettest month with an average of nearly
100 h of precipitation producing 2.3 cm of water. July is the driest month
with an average of only 10 h of precipitation producing <0.4 cm of water.
Even though precipitation is less frequent in the summer months, when it does
occur, it is on the average twice as intense as winter precipitation. The
average annual snowfall is 33.5 cm and accounts for approximately 38% of all
precipitation from December through February (Stone et al. 1983).

The average atmospheric pressure for the Hanford Site is 29.2 inches of
mercury (742 mm of Hg) (Figure B-5). In general, the atmospheric pressure is
higher in the winter than in the summer, although both the highest and lowest
recorded pressures at the Hanford Site occurred during winter (DOE 1988).
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Figure B-4. Topography of the Hanford Site.
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Figure B-5. Average Daily Barometric Pressure at Hanford
Meteorology Station, 1990.
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Prevailing near-surface wind in the vicinity of the Hanford Meteorology
Station is primarily from the west to northwest with an average wind speed of
4.8 km/h. Seasonal changes in the average wind direction are not very large,
but seasonal changes in the average wind speed are more variable. June has
the highest average monthly wind speed 5.8 km/h and the prevailing wind
direction is from the west-northwest. In November and December, average wind
speeds fall to about 3.8 km/h and the prevailing wind direction is from the
northwest (Stone et al. 1983). Wind roses for the Hanford Site indicate the
frequency distribution of wind direction at each station (Figure B-6).
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Figure B-6. Wind Roses for the Hanford Site.
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B.3.3 Surface Water Hydrology

The Pasco Basin is the topographic low within the Columbia Plateau into
which flow the Columbia River and its major tributaries, the Snake, Yakima,
and Walla Walla rivers. These rivers compose the principal surface-water
features in southeastern Washington. No perennial streams originate within
the Pasco Basin (DOE 1988).

Total estimated precipitation over the basin averages <20 cm/yr (DOE
1988). Mean annual runoff from the Pasco Basin is estimated to be approxi-
mately 3% of the total precipitation; the remaining precipitation is assumed
to be lost through evapotranspiration with a small component (perhaps <1%)
recharging to the ground water system (DOE 1988).

West Lake, at the west end of Gable Mountain, is the only natural lake
within the Hanford Site; it is <1 m deep and about 4 ha in size (DOE 1988).
The primary surface-water features of the Hanford Site are the Columbia and
Yakima rivers. About two-thirds of the Hanford Site drains into the Columbia
River; the remaining one-third (in the western and southern portions of the
Site) drains into the Yakima River. The 200 West Area, except the northeast
corner, lies within the Yakima River watershed (DOE 1988).

Two intermittent streams, Cold Creek and its tributary Dry Creek, are
part of the Yakima watershed and originate in synclinal valleys west of the
Hanford Site (DOE 1988).

There are no natural surface drainage channels within the 200 West Area.
However, artifical drainage channels, ponds, and cribs have been used for the
ground discharge of liquid wastes created by chemical processing operations.
The two major surface water bodies created by past waste disposal practices
were two ponds, one at the northern end of the 200' West Area and one at the
southern end (Figure B-2). The northern pond, 216-T-4 (T Pond), was 1 ha at
its base and received 4.25 x 1010 L of waste water between 1944-1976. The
southern pond, 216-U-10 (U Pond), was 9 ha at its base and received 1.62 x
1011 L of waste water between 1944-1984 (ERDA 1975, Aldrich 1985). These
ponds have been drained and backfilled. Existing surface water features
within the 200 West Area are the 216-Z-21 seepage basin and the 200 West
Powerhouse Pond. The 216-S-10 Ditch, just south of the 200 West Area, also
contains water.

B.3.4 Geology

This section discusses the regional and site stratigraphy and geologic
structure.

B.3.4.1 Regional Stratigraphy. The Pasco Basin and Hanford Site are
underlain by up to 230 m of sediments deposited on Miocene-aged basalts. The
sediments and basalts thicken into the Pasco Basin, a structural depression,
and generally reach maximum thicknesses in the Cold Creek syncline, which
trends southeast under the 200 West Area. Older Cenozoic sedimentary and
volcaniclastic rocks underlying the basalts are not exposed at the surface
near Hanford.
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The principal geologic units underlying the Pasco Basin (from oldest to

youngest) are:

* The Columbia River Basalt Group, composed of an assemblage of
continental flood basalts of Miocene age.

* The Ellensburg Formation, which includes all the sedimentary units
that occur between the basalt flows of the Columbia River Basalt
Group in the Pasco Basin.

* The Ringold Formation, a series of alluvial gravels and sands,
overbank deposits, and lacustrine deposits of late Miocene to
Pliocene age.

- The Plio-Pleistocene unit (DOE 1988), which overlies the Ringold
Formation in the western Pasco Basin and consists of basaltic
detritus and a carbonate-rich paleosol that developed on top of a
post-Ringold erosional surface.

* The early "Palouse" soil, which overlies the Plio-Pleistocene unit
in the western Pasco Basin and consists of eolian silt and fine-
grained sand.

* The Hanford formation, composed of glaciofluvial gravels, sands,
and silts deposited by middle to late Pleistocene cataclysmic
flood waters.

- Holocene surficial deposits, which consist of alluvial and eolian
silt, sand, and gravel and form a thin veneer across much of the
Hanford Site.

These units are discussed in greater detail in Section B.3.4.3, Site
Stratigraphy.

B.3.4.2 Regional Structure. The Hanford Site is located in the eastern
portion of the Yakima Fold Belt. The Yakima folds are a series of segmented,
narrow, asymmetric anticlines separated by broad, flat synclines that, in many
cases, contain thick accumulations of sediments. The northern limbs of the
generally east-west trending asymmetric synclines usually dip at relatively
shallow angles to the south; the southern limbs dip steeply to the north and
are often faulted. The 200 West Area is on the northern limb of the Cold
Creek syncline.

The Pasco Basin is bound on the north by the Saddle Mountains anticline,
on the west by Umtanum Ridge, Yakima Ridge, and Saddle Mountains anticlines,
on the south by the Rattlesnake Mountain anticline. The Palouse slope, a
west-dipping monocline, bounds the Pasco Basin on the east. The Pasco Basin
is divided into the Wahluke and Cold Creek synclines by the Gable Mountain
anticline, the easternmost extension of the Umtanum Ridge anticline
(Figure B-7).
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Figure B-7. Structural Geology of the Hanford Site.
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B.3.4.3 Site Stratigraphy. An east-west cross section across the Hanford
Site through the 200 West Area illustrates the lateral extent of the geologic
units underlying the Pasco Basin (Figure B-8); a series of cross sections
across the area south of Z Plant are shown in Plate 2. The stratigraphy of
the Z Plant area is summarized in Figure B-9. Elevations of contacts between
units and thicknesses of the various geologic units in the 200 West Area were
interpreted from borehole lithologic logs and/or cores and are summarized in
Appendix C6. The interpretation of the Ringold stratigraphy is based on
Lindsey (1991).

B.3.4.3.1 Columbia River Basalt. The top of the Columbia River Basalt
ranges in depth from approximately 120 to 180 m under the 200 West Area; depth
to basalt in the vicinity of the carbon tetrachloride disposal sites is about
163 m. As indicated by the surface of the uppermost basalt flow in this area,
the Elephant Mountain Basalt, the basalts dip to the southwest across the 200
West Area toward the axis of the Cold Creek syncline (Figure B-10).

B.3.4.3.2 Ringold Formation. The Ringold Formation in the Pasco Basin
contains up to five separate stratigraphic intervals dominated by fluvial
gravels. These gravels are separated by intervals containing deposits typical
of overbank and lacustrine facies associations. These units are not
continuous across the Hanford Site; only the lowermost and uppermost gravel
units occur in the 200 West Area (Figure B-8).

The strata forming the fluvial gravel facies consist dominantly.of
clast-supported granule to cobble gravel with a sandy matrix. Low angle to
planar stratification, massive bedding, channels, and large-scale cross-
bedding are found in outcrops.. The strata were deposited in a gravelly
fluvial system characterized by wide, shallow, shifting channels.

Lowermost Ringold deposits, overlying the Elephant Mountain Basalt,
consist of the fluvial gravel designated fluvial sequence A (FSA). The FSA
correlates to strata assigned to the lower, coarse-grained basal unit of the

- Ringold Formation in the western Cold Creek syncline and 200 West Area (DOE
1988). In the vicinity of the carbon tetrachloride disposal sites, this unit
is 12 m thick.

The FSA is overlain by a sequence of overbank sediments. The overbank
deposits in the 200 West Area consist of clayey to silty paleosols-containing
variable amounts of calcium carbonate. These sediments record the formation
of soils and are not present in the northeastern portion of the 200 West Area.
These paleosols correlate to the fine-grained section of the basal unit of the
Ringold Formation as described by DOE (1988).

The paleosols or, in their absence, the FSA, are overlain by the
lacustrine sediments. These deposits are characterized by plane laminated to
massive clay with thin silt and silty sand interbeds displaying some soft-
sediment deformation. These sediments were likely deposited under lacustrine
conditions. The lacustrine sediments correlate with the lower unit of the
Ringold Formation, as described by DOE (1988).
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Figure B-8. Cross Section Across the Hanford Site Through the 200 West Area.
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Figure B-9. Generalized Hydrostratigraphic Column for the Z Plant Area.
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Figure B-10. Top of Elephant Mountain Basalt in the 200 West Area.
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The paleosol and lacustrine deposits together compose the lower mud
sequence of the Ringold Formation. The definition of the lower mud sequence
is based on site-wide stratigraphic data, which indicate that it is the lowest
of the three mud sequences in the Cold Creek syncline. The other two (e.g.,
"OB", Figure B-B) are not found at the 200 West Area (Lindsey 1991).

The lower mud sequence thickens from zero in the northeast corner of
200 West Area to nearly 60 m at the western boundary. The top of this mud
sequence slopes in general from east to west, but defines several local
topographic highs and lows; one such low occurs immediately south of the -
carbon tetrachloride disposal sites (Figure B-11).

The uppermost fluvial gravel-dominated interval, designated as fluvial
sequence E (FSE), is the most widespread of the gravel intervals. The FSE is
found throughout the Cold Creek syncline forming a west-thickening wedge which
is up to 100 m thick south and west of the 200 West Area. The FSE correlates
to the middle Ringold Unit of the Ringold Formation in the 200 West Area, as
described by DOE (1988).

The Ringold gravel unit FSE overlies the lower mud sequence, where the
mud is present. Where the lower mud sequence is not present the FSE overlies
the gravel unit FSA or the Elephant Mountain Basalt. The FSE gravel is
present throughout the 200 West Area and ranges in thickness from about 60 m
to at least 125 m; it is approximately 87 m thick in the vicinity of the
carbon tetrachloride disposal sites. In general, the FSE gravel slopes to the
southwest in the northern half of the 200 West Area and to the south in the
southern half of the area. Locally, the top of the FSE has many undulations.

Interbedded fluvial sand and overbank deposits overlie the FSE. The
fluvial sands commonly form fining upward sequences <1 to several meters thick
that were deposited in wide, shallow channels incised into a muddy floodplain,
represented by the overbank deposits. These sediments compose the upper unit
of the Ringold Formation as originally described by Newcomb (1958).

Erosional remnants of these fluvial sands and overbank muds occur
locally in the 200 West Area. For example, the upper Ringold is 7.6 m thick
in a small area northwest of the 216-Z-1A Tile Field and may extend under the
tile field, but it is apparently missing under the 216-Z-9 Trench and 216-Z-18
Crib. This unit reaches thicknesses of at least 15 m in two local highs in
the eastern portion of the 200 West Area.

B.3.4.3.3 Plio-Pleistocene Unit. Unconformably overlying the Ringold
Formation in the western Cold Creek syncline in the vicinity of the 200 West
Area is the Plio-Pleistocene unit (DOE 1988). The unit is separated into two
facies: basaltic detritus and pedogenic calcrete. Depending on the location,
one or both facies may be present; the calcrete facies predominates in the
200 West Area.

The calcrete facies, which generally consists of interfingering
carbonate-rich silt and sand and carbonate-poor silt and sand, is locally
referred to as the "caliche layer". However, the character of this caliche
varies from three to four distinct, compact layers in the northern 200 West
Area to one or more less compact layers in the Z Plant area to a diffuse zone
in the southern 200 West Area.

B-26



DOE/RL-91-32
Draft B

Figure B-11. Top of the Lower Mud Sequence in the
Ringold Formation in the 200 West Area.
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The Plio-Pleistocene unit ranges from 0 to more than 15 m in thickness
in the 200 West Area; it is 6 to 7.6 m thick under the three carbon tetra-
chloride disposal sites (Figure B-12). The Plio-Pleistocene unit dips
generaliy from the north to the south-southwest (Figure B-13).

B.3.4.3.4 Early "Palouse" Soil. The early Palouse soil consists of
wind-blown silt and fine-grained sand that overlies the Plio-Pleistocene unit
in the western Cold Creek syncline around the 200 West Area (Tallman et al.
1981, Bjornstad 1984, DOE 1988). The unit is differentiated from overlying
slackwater deposits by greater calcium carbonate content, cohesive structure
in core samples, and high natural gamma response in geophysical logs
(Bjornstad 1984). The upper contact of the unit is poorly defined and it may
grade up-section into the lower part of the Hanford formation. The soils
range in thickness from 0 to more than 17 m in the 200 West Area and dip from
the north to the south.

B.3.4.3.5 Hanford Formation. In the 200 West Area, the Hanford
formation can generally be divided into two main facies: coarse-grained, or
gravelly, deposits and fine-grained, or sandy and silty, deposits. The
gravelly facies ("HG" on Figure B-8) consists of coarse-grained sand and
granule to boulder gravel that display massive bedding, plane to low angle
bedding, and large scale cross-bedding in outcrop. Matrix commonly is lacking
in gravels, giving them an open framework appearance. In the 200 West Area,
the gravel facies association generally fines to the south, containing less
gravel. The gravelly facies was deposited, by high energy flood waters.

The sand and silt facies ("HSZ" on Figure B-8) consists of fine- to
coarse-grained plane to cross-bedded sand and silt that commonly display
normally graded rhythmites a few centimeters to several tens of centimeters
thick in outcrop (Myers and Price 1979, DOE 1988). These sediments were
deposited in transitional areas adjacent to main flood channels and in
slackwater conditions and backflooded areas (DOE 1988).

The Hanford formation ranges from 6 to >60 m thick in the 200 West Area;
it is 34 to 40 m thick in the vicinity of the three carbon tetrachloride
disposal sites. The surface of the Hanford formation dips from the northeast
to the southwest. The Hanford formation can be locally subdivided into
subunits based on dominant lithology. The description and thicknesses of the
six subunits for the Z Plant Area are shown on Figure B-9. Last et al. (1989)
suggest that a flood channel filled with the coarse-grained gravel sequence
runs north-south under Z Plant toward U Pond, bisecting the 200 West Area.
The thickness of the Hanford formation in this area ranges from approximately
24 to nearly 46 m.

B.3.4.4 Site Structure. Local structural features in the vicinity of the
200 West Area include the Cold Creek syncline and the Gable Butte-Gable
Mountain extention of the Umtanum Ridge anticline (Figure B-7). The axis of
the Cold Creek syncline lies approximately 980 m south of the 200 West Area;
the 200 West Area is located on the northern flank of the Cold Creek syncline.
In this area, the bedrock dips gently (about 5 degrees) to the south. The
deepest parts of the Cold Creek syncline include the Cold Creek depression
which is located beneath the 200 West Area (Myers 1981).
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Figure B-12. Isopach Map of the Plio-Pleistocene Unit in the 200 West Area.
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Figure B-13. Top of the Plio-Pleistocene Unit in the 200 West Area.
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Local faults are associated with the deformation at Gable Mountain (PSPL
1982). The greatest offset along these faults occurs within the basalt
bedrock (>49 m) with much less offset (perhaps 6 cm) in the overlying
glaciofluvial sediments. The latest Quaternary movement along the Gable
Mountain faults has been dated as 13,000 yr ago (PSPL 1982). No faults have
been identified beneath the 200 West Area facilities.

Other faults within the Pasco Basin generally are identified with
deformation of the surrounding anticlinal structures. These faults are
typically high-angle reverse faults, subparallel to the fold axes, and
generally are located along the steeper limb of the folds (Myers and Price
1979). Other tectonic features including tear faults, shatter breccias, and
tectonic joints are also associated with the folds and are related to the
folding process (Price 1981).

B.3.5 Hydrogeology

B.3.5.1 Regional. The hydrogeology of the Pasco Basin is characterized by a
multiaquifer system that consists of four hydrogeologic units that correspond
to the three formations of the Columbia River Basalt Group and the suprabasalt
sediments. The basalt aquifers are confined and occur in the sedimentary
interbeds and/or interflows zones located between dense basalt flows. The
uppermost aquifer consists of the suprabasalt sediments comprised of fluvial,
lacustrine, and glaciofluvial sediments. The uppermost aquifer is regionally
unconfined and is contained largely within the Ringold and Hanford formations.

Local recharge to the shallow basalt aquifers results from infiltration
of precipitation and runoff along the margins of the Pasco Basin. Regional
recharge of the deep basalt aquifers is inferred to result from interbasin
ground water movement originating northeast and northwest of the Pasco Basin
in areas where the deeper basalts crop out extensively (DOE 1988). Ground
water discharge from shallow basalt aquifers is probably to the overlying
aquifers and to the Columbia River. The discharge area(s) for the deeper
ground water system is uncertain, but flow is inferred to be generally
southeastward with discharge thought to be south of the Hanford Site (DOE
1988). An erosional "window" through the dense basalt flow interiors has been
identified in one portion of the Hanford Site (north of the 200 East Area)
which may allow direct interconnection between the uppermost aquifer system
and underlying confined aquifers if downward vertical gradients are present.

The uppermost aquifer system is regionally unconfined beneath the
Hanford Site and lies at depths ranging from <0.3 m below ground surface near
West Lake and the Columbia and Yakima rivers, to >107 m in the central portion
of the Cold Creek syncline. Ground water in this aquifer system occurs within
the glaciofluvial sands and gravels of the Hanford formation and the fluvial
and lacustrine sediments of the Ringold Formation.

The water table in the southwestern Pasco Basin is generally within
Ringold fluvial gravels of unit FSE. In the northern and eastern Pasco Basin,
the water table is generally within the Hanford formation. Hydraulic conduc-
tivities of the Hanford formation (150 to 6,100 m/d) are much greater than
those of the gravel facies of the Ringold Formation (6 to 180 m/d). The main
body of the unconfined aquifer occurs within the Ringold Formation.
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The base of the uppermost aquifer system is defined as the top of the
uppermost basalt flow. However, the fine-grained overbank and lacustrine
deposits of the lower mud sequence in the Ringold Formation locally form
confini-ng layers for Ringold fluvial gravels underlying FSE. The uppermost
aquifer system is bounded laterally by anticlinal basalt ridges and is
approximately 150 m thick near the center of the Pasco Basin.

Sources of natural recharge to the uppermost aquifer system are rainfall
and runoff from higher bordering elevations, water infiltrating from small
ephemeral streams, and river water along influent reaches of the Yakima and
Columbia rivers. No downward percolation occurs on the 200 Area Plateau where
sediments are layered and vary in texture; in this area, all of the moisture
is removed by evapotranspiration (Gee 1987, Routson and Johnson 1990). In
areas where soils are coarse-textured and precipitation is above normal,
downward movement below the root zone is common (Rockhold et al. 1990).

Artificial recharge of the upper aquifer system occurs from the disposal
of large volumes of waste water on the Hanford Site (principally in the
200 Areas) and large irrigation projects surrounding the Hanford Site.
Artificial recharge has resulted in changes in the water table and ground
water flow directions since operation of the Hanford Site began (Figure B-14).

Regional ground water flow across the Hanford Site is generally to the
east. South of Gable Mountain, flow is interrupted locally by the ground
water mounds in the 200 Areas which produce local areas of radial flow
(Figure B-14). Ground water flow velocities for the 200 Areas are estimated
to range from 0.3 to 27 m/d (Graham et al. 1981).

B.3.5.2 Site. The hydrostratigraphy, hydraulic properties, recharge, and
ground water flow for the 200 West Area are discussed in this section. The
hydrostratigraphic units in the Z Plant Area are the: Ringold Formation,
Plio-Pleistocene unit, early Palouse soil, and Hanford formation (Figure B-9).

B.3.5.2.1 Saturated Zone. In the 200 West Area, the uppermost aquifer is
contained in the Ringold Formation and displays unconfined to locally confined
or semiconfined conditions. The depth to ground water ranges from approxi-
mately 58 m near the former U Pond to 82 m in the northeast corner of the 200
West Area; in the vicinity of the carbon tetrachloride disposal sites, the
depth to ground water ranges from about 60 to 66 m. The saturated thickness
of the unconfined aquifer is approximately 67 m southeast of Z Plant, but
elsewhere in the 200 West Area reaches approximately 113 m.

The lower part of the upper aquifer system consists of Ringold unit FSA
which generally is confined by fine-grained sediments of the overlying lower
mud sequence. The thickness of this confined zone ranges from >30 m in the
southern portion of the 200 West Area to 0 m beneath the northern portion
(Lindsey 1991). The confining layer overlying the FSA is up to 60 m thick
below the western section of the 200 West Area before pinching out in the
eastern section. The surface of the confining layer dips to the southeast in
the vicinity of Z Plant (Figure5 B-11). A mean hydraulic conductivity for the
confining material of 1.6 x 10^ m/d has been obtained from permeameter
testing of core samples from the top of the unit (Last et al. 1989).
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Figure B-14. Water Table in the Region of the 200 West Area, 1944-1987.
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The lower mud sequence is absent in the northernmost portion of the 200
West Area, and a single, undifferentiated gravel sequence consisting of FSA
and overlying deposits of FSE is found. In this area, it is not possible to
hydraulically differentiate the FSA from FSE.

The water table in the 200 West Area is contained within the fluvial
gravel and sand of Ringold unit FSE. This unit consists of more than 76 m of
gravel, sand, and minor silt. The hydraulic conductivities of this unit have
been determined from pump tests and slug tests (Table B-2).

B.3.5.2.2 Unsatured Zone. The unsaturate zone beneath the 200 West Area
ranges in thickness from 58 m beneath the former U Pond to 82 m in the
northeast portion of the 200 West Area. The unsaturated zone is 60 to 66 m
thick underlying the carbon tetrachloride disposal sites. Sediments in the
unsaturated zone consist of the: (1) fluvial gravel of Ringold unit FSE,
(2) upper Ringold unit, (3) Plio-Pleistocene unit, (4) early Palouse soil, and
(5) Hanford formation. Few of these units are continuous across the 200 West
Area. The thickness of the Ringold unit FSE above the water table in the
200 West Area ranges from 0 to >49 m. The variation is the result of both the
variable thickness of the unit and the ground water mound derived from waste

r-' water disposal.

The FSE is overlain by fluvial sands composing the upper unit of the
Ringold Formation. Calcretes of the Plio-Pleistocene unit (the caliche layer)
overlie the Ringold Formation throughout most of the 200 West Area. The top
of the Plio-Pleistocene unit dips approximately 1.5 degrees to the southwest
beneath the northern portion of the 200 West Area and flattens to the south
where it pinches out (Figure B-13). The higher degree of cementation and
laterally continuous nature of this unit may create a layer with relatively
low permeability. Thus, a potential exists for lateral movement of unsatur-
ated zone recharge water above the Plio-Pleistocene unit and relatively slow
movement of water through this layer. Perched water has been reported at a
depth of approximately 37 m (5 m above the caliche layer), approximately 565 m
south of Z Plant in a well drilled in April 1991 (W18-29).

A sequence of unconsolidated loess and sandy silt up to 5 m thick and
designated the early Palouse soil overlies the Plio-Pleistocene unit beneath
the southern portion of the 200 West Area. The deposit is uniformly fine-
grained, micaceous, and moderately calcium carbonate-rich.

The Hanford formation is the uppermost unit in the unsaturated zone
except for discontinuous recent eolian sands present in the northwestern
section of the 200 West Area. The hydraulic conductivity of air in the
Hanford formation and the permeability have been calculated by applying
suction to unsaturated zone borings (Table B-2).

Moisture data have been collected from most of the wells drilled in the
200 West Area for the Resource Conservation and Recovery Act (RCRA) of 1976 *
program. The moisture in the Hanford formation ranges from 0.31 to 33.16% and
averages 5.3%. In the early Palouse soil, the moisture content ranges from
2.7 to 29.5% and averages 13.9%. The moisture content in the Plio-Pleistocene
unit averages 3.8% and ranges between 1.8 and 5.8%. The upper Ringold
moisture content ranges from 1.9 to 11.4% and averages 6.6%. The moisture
content of the middle Ringold averages 2.4% and ranges from 0.87 to 6.6%.
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Table B-2. Hydraulic Properties for the 200 West Area.

HANFORD FORMATION

Kair (at 17- to 23-m depth) = 1.3 x 104 to 3.7 x 104 cm/sa

Ksat = 600 to 3,000 m/d (range for the 200 Areas)b

KC (at 17- to 23-m depth) = 2 x 10-a to 5.6 x 10 -a cm2,

Effective porosity = approximately 3 0%P

Storativity = 0.07b

RINGOLD FORMATION (FSE unit)

Near LLWMA-39  Ksat = 0.3 to 210 m/d T - 1.3 to 650 m2/dd

Near LLWMA-4 Ksat = 7 to 1,550 m/d T = 27 to 4,700 m2/dd

Near U-12 Ksat = 2.4 to 6.4 m/d T = 13 to 32 m2/d'

200 Areas Ksat = 9 to 230 m/d T = 3 to 70 m2/db

Effective porosity = 10%" to 20%b

Storativity = 0.05 to 0.2f

RINGOLD FORMATION (lower mud sequence)

Ksat = 1 to 3.6 m/d (range for the 200 Areas)b
Effective porosity = approximately 10%b
Storativity = 0.002b

:See Appendix F.
"From Graham et al. 1981.
CSoil permeability.dFrom Last et al. 1989 and Barton 1990.
eFrom Goodwin 1990, all of these values are from slug tests.
From Last et al. 1989.
9LLWMA = low level waste management area.
hFrom Bierschenk 1959.

B.3.5.2.3 Recharge. Artificial recharge to the unconfined aquifer is
estimated to be ten times greater than natural recharge (Graham et al. 1981).
The major source of artificial recharge in the 200 West Area has been from the
U Pond. It is estimated that the water table elevation beneath the U Pond was
20 m lower in 1944, prior to use of the pond. U Pond was decommissioned in
1984. Figure B-15 shows a hydrograph of well W18-15 which is located
immediately north of the former U Pond site and shows that the water level has
declined about 5 m since the pond was decommissioned. In the first few years,
the water level declined relatively rapidly and has since leveled out.
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Figure B-15. Water Levels in Well W18-15, 1984 Through 1991.
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Until the mid-1950s, the ground water mound at T Pond dominated flow
directions in the 200 West Area. Between 1944 and 1955, the ground water
table under the T Pond area rose 29 m; in 1955, the top of the ground water
mound under T Pond was at an elevation of approximately 149 m (Kipp and Mudd
1974). The highest elevations in nearby wells were observed in 1956.

More recently large quantities of waste water have been discharged to
the 216-Z-20 Crib (Figure B-2) and are expected to continue (WHC 1990a),
although at reduced discharge rates. Because this crib is adjacent to the
carbon tetrachloride disposal sites, it potentially affects ground water
movement in this area. The historical discharge record for this crib is shown
in Figure B-16. The water table in the vicinity of the crib is shown in
Figure B-17 for 1991 (the time period of interest). Comparison of the
discharge history and the hydrograph of a nearby well (Figure B-18) show the
major drop in water level is related more to U Pond closure in 1984 than to
declining discharge to the 216-Z-20 Crib. A small increase in water table
elevation during 1990 appears to correlate with the secondary maximum effluent
discharge peak that occurred during 1988-89.
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Figure B-16. Monthly Discharges of Liquid Waste to the
216-Z-20 Crib, 1981-1990.
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Two other areas that currently receive waste water in the Z Plant area
are the Sanitary Tile Field and the 216-Z-21 Seepage Basin (Figure B-3). It
is estimated that 1.5 x 107 L/yr are discharged to the Sanitary Tile Field and
9.8 x 107 L/yr are discharged to the seepage basin.

B.3.5.2.4 Ground Water Flow. Ground water elevations in December 1990
for the unconfined aquifer in the 200 West Area are shown in Figure B-19.
Ground water flow is generally toward the east, with some flow to the north.
The mound originating from U Pond appears to be centered northeast of the
former U Pond site. Continuing liquid discharges to other sites southeast of
Z Plant (e.g., 216-Z-20 Crib) may be responsible in part for this apparent
shift.

The horizontal hydraulic gradient is expected to decrease and shift to
the east as the ground water mounds dissipate. The horizontal hydraulic
gradient in the 200 West Area is relatively high, ranging from 0.0009 to
0.003. Downward vertical hydraulic gradients are expected to be present
within the unconfined aquifer in parts of the 200 West Area as a result of the
U Pond ground water mound (Graham et al. 1981). Using the gradients above and
the hydraulic parameters shown in Table B-2, the ground water velocity can be
calculated to range from <0.1 to about 47 m/d.
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Figure B-17. Water Table Elevation in the Vicinity
of Z Plant, December 1990-February 1991.
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Figure B-18. Water Levels in Well W15-5, 1965-1991.
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B.3.5.3 Water Use. Ground water beneath the 200 West Area is only used for
ground water monitoring. There are no domestic ground water supply wells
within the 200 West Area. Drinking, emergency, and process water are drawn
from the Columbia River, treated, and imported to the 200 West Area. The
nearest well used to supply drinking water is located at the Yakima Barricade
(Well 699-49-100C), which is about 5 km west of the 200 West Area. The
nearest water supply wells are located offsite about 15 km northwest of the
200 West Area (the Berk well and Ste. Michelle #1 and #2). These wells obtain
their water from the basalt and the basalt interbeds, from depths of more than
140 m. The wells are reportedly used for irrigation although they may also be
used to supply drinking water.
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Figure B-19. Water Table in the 200 West Area, December 1990.
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B.3.6 Ecology

Natural vegetation in the 200 West Area consists of a sparse covering of
desert -shrubs and drought-resistant grasses. Big sagebrush, bitterbrush,
rabbitbrush, and spiny hopsage are the dominant shrubs in the area with an
understory of grasses. Cheatgrass and Sandberg bluegrass are the predominant
grass types in the area, although cheatgrass is an alien species thought to be
attributable to past lifestock grazing. Cottontail, jackrabbit, Great Basin
pocket mouse, horned lark, and the western meadowlark are species associated
with the sagebrush/grass community. Raptors, mule deer, and coyotes also
forage in this habitat type. Grasshoppers are the most conspicuous insect
community.

Only a few species of small birds nest in the steppe vegetation.
Semiannual peaks in avian variety and abundance occur during migration
seasons. The bald eagle, a federally listed threatened species, is a regular
winter resident at the Hanford Site, and the peregrine falcon, federally
listed as endangered, is an occasional winter visitor to the Hanford Site.
Bald eagles roost and forage along the Columbia River, primarily near the
100-H Area, during the winter (October to March). American white pelicans and
ferruginous hawks, state-listed endangered and threatened vertebrate species,
can also be foundon the Hanford Site; sandhill crane, a state-endangered
species, migrate over the Hanford Site but have been observed to land only
rarely. The state-endangered plant species persistent sepal yellowcress may
occur along the shoreline of the, Columbia River. The state-threatened plants,
Columbia milk-vetch and Hoover's desert parsley, exist in Benton County. No
species of plant or animal registered as rare, threatened, or endangered are
known to depend on the habitats in the immediate vicinity of the proposed ERA.

B.3.7 Cultural Resources

Cultural resources at the Hanford Site consist of Native American
archaeological sites. The sites are the result of approximately 10,000 yr of
river-oriented activity from various Plateau Indian tribes. The remains are
villages which consist of houses, fishing camps, game traps, cemeteries, and
sites for religious observations. Approximately five sites are located north
of the 200 West Area near Gable Mountain and approximately 15 km from the site
of the proposed action. An archaeological survey has been conducted on a 50%
random sample of the undeveloped portions of the 200 West Area (Chatters
1990). The survey did not indicate that any archaeological sites or Native
American Indian interests exist in the area. A cultural clearance has been
granted for the proposed activities by the Hanford Cultural Resources
Laboratory of Pacific Northwest Laboratories.
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B.4 EXTENT OF CONTAMINATION

Data on the nature and extent of contamination in both the unsaturated
and saturated zones were compiled from existing data and from investigations
conducted during Phase I Site Evaluation. The phased approach to site char-
acterization precluded drilling new wells during Phase I and, thus, limited
borehole activities to the use of existing wells. A total of 65 ground water
and unsaturated zone wells, ranging in depth from 5 to 125 m, have been
drilled within approximately 30 m of the three carbon tetrachloride disposal
sites; the majority of these are at the 216-Z-1A Tile Field (Plate 3). Only
46 of these wells are still accessible. Construction details for these
boreholes are described in Appendix C and summarized in Table C-1.

B.4.1 Contamination in the Unsaturated Zone

This section discusses organic and radiological contamination in the
unsaturated zone in the vicinity of the three primary carbon tetrachloride
disposal sites and in the 200 West Area. Details of the test methods for
sampling and analysis conducted during Phase I activities are included in
Appendix C (field investigation reports, Part 2), Appendix D (soil gas mea-
surements), and Appendix F (vapor extraction system test). Quality assurance
documentation is also included in the appendices.

B.4.1.1 ,Organic Contamination. The data on organic contaminant distribution
consist of soil gas analyses, historical well log data, measurements of carbon
tetrachloride vapors in boreholes, soil analyses, and data collected during
the vapor extraction system test. The organic contamination data are divided
into two sections, the near field (which includes the three primary carbon
tetrachloride disposal sites) and the far field (which includes the
200 West Area).

B.4.1.1.1 Near Field. Carbon tetrachloride vapors have been detected in the
unsaturated zone in the vicinity of the three primary carbon tetrachloride
disposal sites. During the Westinghouse Hanford soil gas survey, values of
1.5 to 15 p/m vol of chlorinated hydrocarbons were detected 1.5 m below the
surface using field screening equipment (Appendix D2). Draeger (tradename of
Draegerwerk Aktien Gesellschaft, Federal Republic, Germany) tubes were used to
confirm that the chlorinated hydrocarbons included carbon tetrachloride.

Chlorinated hydrocarbon vapors were detected at the wellhead and/or
downhole at virtually every well associated with the three carbon tetrachlor-
ide disposal sites (Figure B-20). Every sample tested with a Draeger tube
confirmed the presence of carbon tetrachloride (Appendices C2, DI). On that
basis, carbon tetrachloride is assumed to be present in all the wells with
positive vapor detections.
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Figure B-20. Wells in Which Carbon Tetrachloride Vapor was
Detected in the Z Plant Area, 1991.
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Several of the wells that did not have detectable carbon tetrachloride
(W15-9, W15-8, W15-86, W15-85, and W18-164) at the wellhead were only uncapped
on relatively high pressure days. There appears to be a correlation between
baromet-ric pressure and the detection of vapors at the surface. Figure B-21
shows the relationship between barometric pressure and days during which
vapors were detected. An example of the possible effects of barometric pres-
sure on the vapor concentrations can be seen by comparing the measurements
from the same well on different days (Appendix C2, Appendix D1). In well
W18-6, no organic vapor was detected on January 28 (a high pressure day), but
170 p/m vol were detected at the wellhead on February 12 (a low pressure day).
This pattern was observed in 18 wells.

Figure B-21. Comparison of Barometric
of Carbon Tetrachloride Vapor,

Pressure to Wellhead Detections
January-February 1991.
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Other wells that did not have detectable carbon tetrachloride at the
surface include W18-76 and W18-78, which are both <6 m deep, and wells W18-
149, W18-159, W18-164, W18-173, and W18-175, which have cement plugs and may
have no- openings to the soil (based on the drilling/completion logs and the
present depth to the bottom of the wells).

Based on the surface sampling, it appears that carbon tetrachloride
vapor is present beneath the entire 216-Z-18 Crib, the 216-Z-1A Tile Field,
and the 216-Z-9 Trench area. Carbon tetrachloride vapors do not emanate from
the wells when the wells are capped, as they are when not in use.

Downhole sampling was conducted in each of the disposal areas. All of
the downhole values should be considered as minima because the sampling device
may have been leaking (Appendix Dl). In the 216-Z-9 Trench area, wells W15-
82, W15-84, W15-95, and W18-87 were sampled and showed downhole carbon tetra-
chloride levels ranging from 2.3 to 106 p/m vol. The highest downhole
concentrations were observed in well W15-84, and a Draeger tube was used to
confirm that the chlorinated hydrocarbons included carbon tetrachloride.

In the 216-Z-18 Crib area, the downhole concentrations of carbon
tetrachloride ranged from <1 to 140 p/m vol, with well W18-99 having the
highest concentration. Wells W18-98, W18-94, W18-95, and W18-82 all had
carbon tetrachloride concentrations above 10 p/m vol. Well W18-96 had a
concentration of 51 p/m vol at the surface.

In the 216-Z-1A Tile Field, downhole concentrations of carbon tetra-
chloride ranged from 1.7 to 16.2 p/m vol, with the highest concentration in
well W18-150. Surface concentrations in well W18-6 were 170 p/m vol; in well
W18-85, they were 105 p/m vol; and in well W18-86, they were 53 p/m vol.

Based on the downhole sampling, carbon tetrachloride is present in the
vicinity of the 216-Z-9 Trench, the 216-Z-18 Crib, and the 216-Z-IA Tile Field
at depths ranging from 24 to 63 m below ground surface.

Additional downhole sampling was conducted during the soil vapor
characterization tests. Samples were analyzed in a laboratory using a gas
chromatograph/mass spectrometer. The higher observed concentration of carbon
tetrachloride was 100 p/m vol at a depth of 26 m. The data indicate that
concentrations of up to 89 p/m vol of carbon tetrachloride have migrated to a
depth of at least 40 m below the tile field (Plate 4). The carbon tetrachlor-
ide has also migrated laterally at least 24 m outside of the tile field as
seen in the 19 p/m vol concentration observed in well W18-87.

An 80-h venting test was conducted at well W18-171 in the 35- to 42-m
depth interval. During the test, the initial carbon tetrachloride
concentration was 200 p/m vol, which gradually increased to 600 to 700 p/m vol
after 30 h of venting. A peak of 915 p/m vol was observed at 67 h. The
venting flow rate was 8.5 to 8.8 m3/min, with a well vacuum of 89 to 102 cm
water gage. During this test, 136 kg of carbon tetrachloride were removed
from the unsaturated zone.

A 24-h vent test was performed at well W18-167 in the depth interval of
35 to 36 m. At this well, carbon tetrachloride concentrations remained fairly
constant between 180 and 200 p/m vol.
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Vapor samples collected during the vapor extraction system tests at the
216-Z-IA Tile Field were also analyzed for other organic compounds (Appendix
F3). Chloroform was detected, but it was below the quantitation limit, which
ranged from 5 to 10 p/m vol. The analyses also indicated the presence of 2-
butanone up to 148 p/m vol, but this may be a reflection of the analytical
method, in which alcohol is used. In addition, 2-butanone was detected in a
sample blank.

Vapor samples from boreholes in the vicinity of the 216-Z-9 Trench and
the 216-7-18 Crib were only analyzed for carbon tetrachloride.

Cadmium concentrations in the soil at the 216-Z-9 Trench were measured
in 1973. Of the samples collected then from soil which was not subsequently
excavated, concentrations up to 87 pg/g were observed at a depth of 46 to
61 cm (Smith 1973).

B.4.1.1.2 Far Field. Carbon tetrachloride or chlorinated hydrocarbons was
detected at the well head using field screening instruments during drilling in
over half of the wells drilled in the 200 West Area since 1987 (Figure B-22).
The wells are differentiated with respect to whether the organic was detected
from intervals above and/or below the caliche layer, which occurs at depths of
approximately 40 m in the 200 West Area and is up to 15 m thick. Most of the
reported detections were below the caliche layer, although wells west of the
216-Z-18 Crib had detections both above and below the caliche.

Soil samples were collected from 16 'boreholes in the 200 West Area
during 1989-1990 and analyzed for volatile organic compounds (Airhart 1990,
Barton 1990, Goodwin 1990, Goodwin and Bjornstad 1990). Eleven of the wells
sampled had carbon tetrachloride levels above the detection limits
(Table B-3). Distribution of carbon tetrachloride concentrations does not
appear to have a pattern. Carbon tetrachloride is found above and below the
caliche layer, although the highest concentrations are found below (except in
well W7-7). In six wells, concentrations are highest just above the water
table. Carbon tetrachloride concentrations measured in soil samples from four
wells west of Z Plant are indicated in relation to the geology in Figure B-23.

The concentrations of carbon tetrachloride vapor observed at the well-
head with field screening instruments during drilling are also indicated on
Figure B-23. The pattern of relative highs and lows is similar between the
field screening and the laboratory analyses, but the field screening values
are usually higher than the laboratory values. This may be a reflection of
the loss of volatile organics during sampling.

Throughout the 200 West Area the detections of carbon tetrachloride in
soil samples match fairly well with the observed vapor detections during
drilling. However, there are wells that had detections during drilling but
not in soil samples (wells W7-10, W26-9, and W26-11). This may be a reflec-
tion of the sampling frequency or the detection of other chlorinated hydro-
carbons during drilling. There are also wells that did not have detections
during drilling but had carbon tetrachloride detections in the soil samples
(wells W7-7 and W7-8). This may be a reflection of the monitoring frequency,
the effect of barometric pressure, or the detection limits of the field
instruments.
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Figure B-22. Wells in Which Carbon Tetrachloride/Chlorinated
Hydrocarbon Vapor was Detected During Drilling

in the 200 West Area, 1987-1991.
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Table B-3. Carbon Tetrachloride
in Soil Samples.

Concentrations

oncentration, Depth, Concentration, Depth, Concentration,
ng/g ft ng/g ft ng/g

Welt W15-19 Welt W22-41:

Depth, CO
ft

Welt W7-7:
5

100
120
160
180
220

Well W7-8:
20.5
30.5
41
48
50
55
62
78
90

110
130
150
170
190
210
230

Well 7-9:
40

102
184
220
240

Well W7-10:
80

160
200
220
240

40
80

120
220

1Cn

6.5
<0.01
<0.02
0.53

<0. 13
0.75

<0.05
<0.08
<0.05
<0.07
0.09
0.09
0.07

<0.07
<0.06
<0.06
<0.06
<0.05
<0.07
<0.11
0.30
0.36

<0.2
<0.2

0.2
12
<0.08

<0.1
<0.2
<0.3
<0.3
<0.3

64
87

220
240

0.0
0.0

0.55
1.4
0.56
5.8
8.1

<0.4
3.2
9.5
0.3

<0.5

0.31
0.14
0.12
2.8
6.2

<0.1

0.2
0.5

<0.1
3.8

<0.1

WeLl W15-20:
20
80

180
220
240

Welt W15-21:
120
126
140
159
220
230

Well W15-23:
60

155
200
220
240

Well W18-26:
130
180
220
240

Well W22-40:
43

100
160
220
240

Well W22-42:
40

100
160
220
240

Well 22-43:
20

140
160
220
240

Well W26-8:
120
165
175
190
190
200
215

Well W26-9:
40
130
170
190
200

Welt W26-11
78

100
120
130
130
149.41
167.92

<0.2
<0.2
ND
ND

<0.7
<0.5
<0.2

ND
ND

<0.5
<0.2

ND
0.13 ng/mSL
0.28 ng/mL

<0.4
<0.3
<0.1
<0.1

2.1
<0.2
<0.1

<0.4
<0.3
'0.2
<0.2
<0.1

<0.1
<0.2
<0.3
<0.1
<0.1
<0.1
<0.1

Sources: Wells
and

Wells
Welts
Wells

W7-7, W7-8, W15-19, W15-20, W15-21, and W18-26 from Goodwin
Bjornstad 1990.
W7-9, W7-10, and W15-23 from Barton 1990.
W22-40, W22-41, W22-42, and W22-43 from Goodwin 1990.
W26-8, W26-9, and W26-11 from Airhart 1990.

NOTE: To convert to metric, multiply feet by 0.3048 to obtain meters.
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In general, carbon tetrachloride is present in the soil to the west and
north of the three disposal sites. The highest concentrations are found below
the caliche layer (except in well W7-7), although carbon tetrachloride is also
found above the caliche layer.

In addition to carbon tetrachloride, each of the following substances
has been identified in a soil sample from at least one of these 16 boreholes:

* acetone - benzene - chlorobenzene

- chloroform * 1,2-dichloroethane * 1,1-dichloroethylene

* cis-1,2-dichloro- * trans-1,2-dichloro- - ethyl benzene
ethylene ethylene

* fluoromethane - methylene chloride - methyl isobutyl ketone

- tetrachloro- - toluene - 1,1,1-trichloroethane
ethylene

- trichloro- * m-xylene - p-xylene
ethylene

- o-xylene

B.4.1.2 Radiological Contamination. The presence and extent of plutonium and
americium have been investigated in the vicinity of the 216-Z-IA Tile Field
(Price et al. 1979). As part of that study, 16 wells were installed (W18-149,
W18-150, W18-158, W18-159, W18-163 through W18-169, W18-171 through W18-175)
to determine the lateral and vertical extent'of contamination (Figures B-24
and B-25). The study determined that:

* The distribution patterns of plutonium and americium in the
sediments are similar. The highest measured concentration
of p]utonium (about 4 x 104 nCi/g) and americium (about 2.5
x 10 nCi/g) occurs in sediments located immediately beneath
the central distributor pipe.

* The concentration of plutonium and americium in sediments
generally decreases with depth below the bottom of the tile
field. An increase in concentration with depth is generally
associated with an increase in the silt content of the
sediments or with boundaries between sedimentary units.

* The bulk of the actinide contamination appears to be con-
tained within the first 15 m of sediments beneath the bottom
of the tile field. The maximum vertical penetration of
plutonium and americium contamination (defined by the
10-2 nCi/g isopleth) is approximately 30 m below the bottom
of the facility, or about 30 m above the water table.

B-52



DOE/RL-91-32
Draft B

Figure B-24. Map of 1977 Plutonium Concentrations in Unsaturated
Zone 1.5 m Below Bottom of the 216-Z-1A Tile Field.
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Figure B-25. Cross Section of 1977 Plutonium Concentrations in
Unsaturated Zone Under the 216-Z-1A Tile Field.
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* The distribution of activity in unsaturated zone wells
around the perimeter of the tile field is discontinuous with
depth. The waste appears to have been released to the
ground within a few meters of the central distributor pipe
and then spread laterally along boundaries between
sedimentary units. The lateral spread was limited within a
9-m wide zone around the perimeter of the tile field.

Gross gamma and spectral gamma logging were conducted in well W18-171,
15 m south of the tile field, on February 21, 1991 and February 6, 7, and 13,
1991, respectively (Appendix C5). The logging was performed for safety
considerations to identify radioactively contaminated intervals prior to
perforating the well casing for use during the vapor extraction system test.
The gross-gamma logging indicated the possible presence of radiological
contamination at a depth of 26 m. The spectral-gamma logging determined that
man-made radionuclides were present only in the interval between a 25- and
26-m depth. These radionuclides were identified as americium and plutonium.
This contamination appears to be at or above a thin zone of silty sand.
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During the long term vent tests of the vapor extraction system test,
radon gas was detected in the granular activated carbon (GAC) canister that
was used for both extraction wells, W18-164 and W18-171 (Appendix F3). It is
uncertain what proportion of the radon came from each well because the
canister was used during the testing of both wells (Appendix F).

Soil samples were collected from the 216-Z-9 Trench in 1973 to determine
the concentrations and distribution of plutonium. Subsequently, the upper
30 cm of soil was removed. Samples collected in 1973 from a depth of 2.4 m
contained plutonium-239 concentrations of 0.30 to 0.1 g Pu/L of soil and
americium-241 concentrations of 200 to 500 pCi/L of soil (Smith 1973).

In addition to the above studies, information can be gained about other
contamination by reviewing well logs in the area. The following wells had
detectable amounts (on field screening instruments) of radioactivity during
drilling: W18-78 through W18-81, W18-164 through W18-171, W18-173, W18-174,
and W18-175. All of these wells are located within or very near the 216-Z-1A
Tile Field. Radiation was not detected during drilling in the vicinity of the
216-Z-9 Trench and 216-Z-18 Crib. This may be because these wells are all
outside of the cribs, whereas wells at 216-Z-IA Tile Field were drilled in the
tile field. Due to the disposal history at 216-Z-9 Trench and 216-Z-18 Crib,
radioactive compounds are expected to be in the soil in these areas.

B.4.2 Ground Water Contamination

This section summarizes results of ground water sampling and analysis
conducted during the first quarter of 1991 to further characterize the areal
and vertical extent of volatile organic contaminants, primarily carbon
tetrachloride. Sampling and analytical procedures, quality assurance
documentation, well characteristics, well locations, and analytical results
are included in Appendix E.

B.4.2.1 Areal Distribution. The areal extent of existing ground water
contamination is presented at two levels of detail: (1) near field, which
includes the immediate area around the disposal sites, and (2) far field,
which includes the 200 West Area.

B.4.2.1.1 Near Field. The distribution of carbon tetrachloride in the
vicinity of the disposal sites is shown in Figure B-26. The ground water data
used for this interpretive plot are primarily from the recent (1991) sampling
results, but include previously published results (Appendix E). The highest
observed concentration of carbon tetrachloride was 7,430 pg/L in well W15-16
on January 31, 1991.

In addition to carbon tetrachloride, chloroform and traces of tetra-
chloroethylene and trichloroethylene were detected near and downgradient from
the 216-Z-9 Trench. The concentration of chloroform detected ranged from 5.5
to 2,400 pg/L. The concentrations of tetrachloroethylene and trichloroethyl-
ene were as high as 1.1 and 15 pg/L, respectively. The occurrence of these
constituents is consistent with records of input to the 216-Z-9 Trench
(Section B.2). Chloroform also may be present as a result of degradation of
carbon tetrachloride. Methyl ethyl ketone (MEK) was detected in trace amounts
at the 216-Z-20 Crib (well W18-20) and at over 1,000 pg/L from a single bailed
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sample at the 216-Z-18 Crib (well W18-9). MEK is a common solvent used in
past and present processes; no specific source can be identified at the
present time.

Other major co-contaminants, TBP, DBP, and DBBP, associated with the
carbon tetrachloride solvent waste streams were not analyzed in ground water
samples collected during this study. However, existing data for TBP and DBP
acquired for other programs between 1987 and 1990 are available from the
Hanford Ground Water Data Base (HGWDB). Results for samples from several
wells in the vicinity of the Z cribs, as well as from wells within the core of
the 200 West Area carbon tetrachloride plume, were all below detection limits
for TBP and DBP. DBBP has not been previously analyzed. The apparent absence
of TBP and DBP in 200 West Area ground water is attributed to biodegradation
of these organic constituents and/or because they have a moderate affinity for
sediments (Ames and Serne, 1991).

B.4.2.1.2 Far Field. Data acquired for this study were combined with pre-
vious carbon tetrachloride data (1988 to present) to update the plume map for
the 200 West Area and environs (Figure B-27). The data were combined because
of the limited amount of data available from each sampling period. Average
values were used for wells with multiple sampling results (Appendix E).

Figure B-27 illustrates the location (relative to source area) and
extent of a "core" of high concentrations. The plot also shows a widely
distributed, low concentration halo surrounding the core. The core of the
plume appears to consist of two lobes: a higher concentration lobe close to
the Z crib sources; and a lower concentration lobe to the north.

B.4.2.2 Estimated Mass of Carbon Tetrachloride in the Ground Water Plume.
An estimated mass of carbon tetrachloride contained within the plume boundary
defined by the 10-pg/L contour (Figure B-27) was computed as follows:

Mass (kg) = 2 A - Z - 0 - C - K

where:

A - area between selected contour lines (M2 )
Z = depth (m)
9 = porosity (unitless)
C = median concentration (gg/L) between contours
K = conversion factor [10 (kg/m 3)/(pg/L)].

The median carbon tetrachloride concentration for each contour interval
(Table B-4) was assumed to be constant over a depth of 10 m. Two porosity
values (10% and 30%), thought to be representative of the portion of the
Ringold Formation in which the upper portion of the unconfined aquifer occurs
in the 200 West Area, were used for the computed results shown in Table B-4.
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Figure B-26. Carbon Tetrachloride Concentration Contours
in the Z Plant Area Ground Water, 1990-1991.
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Figure B-27. Carbon Tetrachloride Concentration Contours
in the 200 West Area Ground Water, 1988-1991.
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Table B-4. Mass Estimate of Carbon Tetrachloride
Contained in Ground Water Plume.

Contour Median Calculated Mass Percent
Interval, i, Ara Concentration (kg) of

(pg/L) (m (pg/L) 9 = 0.1 0 = 0.3 Total

10-100 8.34 x 106 55 460 1,380 8.75

100-1,000 3.09 x 106 550 1,700 5,100 32.39

1,000-2,000 0.64 x 106 1,500 970 2,900 18.44

2,000-3,000 0.30 x 106 2,500 760 2,280 14.49

>3,000 0.27 x 106 5,000 1,360 4,080 25.93

Total 12.65 x 106 5,250 15,740 100.00

The estimate of total dissolved carbon tetrachloride in the 200 West
Area plume (Table B-4) accounts for only about 2% of the total indicated from
disposal records (Section B.2.3). The greatest uncertainty is the actual
depth distribution within the aquifer over the area of the plume.. Depth
profile data would be needed to refine this estimate. However, even with this
uncertainty, the calculation illustrates that a very small fraction of the
inventory disposed to the ground resulted in significant and widespread ground
water contamination.

B.4.2.3 Vertical Distribution. Depth distribution of carbon tetrachloride
and other contaminants is poorly defined within the study area. An attempt
was made to supplement this information by sampling at various depths in a
well (W15-6) with a long perforated interval located near and downgradient
from the 216-Z-9 Trench, as described in Appendix E.

Results of preliminary deep interval sampling and other depth-related
data are superimposed on the stratigraphy along a transect running from just
north of the 216-Z-9 Trench to the southern end of the 216-Z-20 Crib
(Figure B-28). These data suggest there is deeply distributed carbon
tetrachloride and chloroform, at least near the 216-Z-9 Trench. There is also
a suggestion of carbon tetrachloride at somewhat greater depths below the
water table in well W18-17 at the 216-Z-20 Crib. However, the mechanism by
which the contaminants reached these depths is uncertain (Section B.5). It
should be noted that two wells (W15-17 and W18-22) west of this cross section
are screened at the bottom of the aquifer. Carbon tetrachloride is below
detection levels in samples from these wells.

B.5 CONCEPTUAL MODELS

The 200 West Area carbon tetrachloride ERA was predicated on the model
that a significant amount of the carbon tetrachloride disposed to the ground
in the 200 West Area is still present within the unsaturated zone (Hagood and
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Rohay 1991). In this model, carbon tetrachloride discharged as a dense, non-
aqueous phase liquid, has not reached the uppermost aquifer as a separate
phase; however, the carbon tetrachloride vapors in the unsaturated zone move
downward and laterally away from the primary disposal sites to provide a
continuous source of contamination to the ground water (Figure B-29).

An alternative model is that carbon tetrachloride discharged as a dense,
nonaqueous phase liquid has also reached the unconfined aquifer in a liquid
phase. There, the liquid carbon tetrachloride remains in a separate phase and
slowly dissolves, providing a continuous source of contamination to the ground
water (Figure B-30).

In both models, aqueous phases containing dissolved carbon tetra-
chloride migrate to and contaminate the ground water. Carbon tetrachloride
vapors in the unsaturated zone, which equilibrate with perched water and/or
waste water from other sources, may then be transported to the water table in
dissolved form ("intersection of aqueous phase and carbon tetrachloride vapor"
on Figure B-29). The discharges of aqueous phase containing dissolved carbon
tetrachloride may also have reached and contaminated the ground water
(Figure B-30).

The observed distribution of carbon tetrachloride in the subsurface
suggests that all these mechanisms may be operating. Because of the
differences in crib sizes and quantities of waste received at the three
disposal sites, it may be that one conceptual model is appropriate for one or
two crib sites and the other conceptual model is appropriate for the other(s).

In any of these scenarios, some carbon tetrachloride vapors would have
been lost to the atmosphere, through volatilization and diffusion through the
near-surface soils and through atmospheric pumping from boreholes and vents as
a result of changing barometric pressures. (Carbon tetrachloride has only
been detected at the wellhead during drilling or when a well was temporarily
uncapped for use.) Carbon tetrachloride may also be destroyed by biological
and chemical degradation. However, the percentage of the total inventory lost

-- from the system by these mechanisms is unknown.

B.5.1 Waste Disposal

Carbon tetrachloride was discharged to the subsurface in the Z Plant
area both in an aqueous solution and as separate batches of nonaqueous phase
liquid containing other organics (Section B.2). At each of the three carbon
tetrachloride disposal sites, the total volume of carbon tetrachloride
discharged was 3 to 7% of the total volume of liquid discharged. Thus, it is
assumed that initially carbon tetrachloride was present and migrated through
the unsaturated zone as an aqueous phase (i.e., as a solute in water) and as a
separate nonaqueous phase (i.e., not mixed with water).
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Figure B-29. Conceptual Model of Migration Paths and Distribution
of Carbon Tetrachloride that Remains Primarily

in the Unsaturated Zone.
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Figure B-30. Conceptual Model of Migration Paths and Distribution
of Carbon Tetrachloride that has Reached the Ground

Water as an Immiscible Phase.
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As a first approximation, the likelihood that carbon tetrachloride in an
aqueous or nonaqueous phase reached ground water can be estimated by comparing
volume of liquid discharged to volume of pore space in the unsaturated zone
available to store the liquid. To make this estimation, volume of the soil
column (area of bottom of crib multiplied by distance from bottom of crib to
water table) is multiplied by the porosity to estimate the volume of pore
space. If the volume of liquid exceeds the volume of pore space, then it is
assumed that the liquid reached the ground water. If the volume of liquid
does not exceed the volume of pore space, the likelihood that the liquid
reached the ground water will depend on the capacity of the unsaturated soils
to hold liquid against the force of gravity. Lateral spreading of liquid in
the unsaturated zone would enlarge the volume of soil contacted by the liquid.

At the 216-Z-9 Trench, the total volume of liquid discharged was
4.1 x 106 L (4,100 m3). The base of the trench is 18.3 by 9.1 m, the depth of
the base is 6.1 m, and the depth to the water table is 57.6 m. The volume of
this column of soil is 8,600 i3. Assuming a porosity of 30%, the pore volume
is 2,600 M3. The volume of liquid discharged is 1.5 times the calculated pore
volume, indicating a high probability that discharge fluids containing carbon
tetrachloride could have reached the water table at this site.

It is uncertain whether liquids containing carbon tetrachloride reached
the ground water at the 216-Z-1A Tile Field and 216-Z-18 Crib. The 216-Z-IA
Tile Field was used for disposal on a specific-retention basis because labora-
tory work indicated that plutonium and americium in high-salt acid waste were
not retained on the soil.'b mechanisms such as ion exchange, adsorption, fil-
tration, etc. The 6,200 m of liquid discharged to the, tile field was esti-
mated to be approximately 60% of the calculated specific-retention volume of
the crib (Price et al. 1979). In 1977, the plutonium and americium contami-
nation extended 30 m below the tile field. The volume of liquid discharged to
the tile field (6,200 m3) was approximately 10% of the calculated pore volume
(50,400 m ), based on the tile field base cross section dimensions of 35 by
84 m, depth from the base to the water table of 57 m, and a porosity of 30%.
However, because this estimation does not take into account the capacity of
the soils to retain moisture, it cannot be used to determine that the liquid
did not reach the ground water.

The 216-Z-18 Crib was also designed as a specific-retention facility.
The volume of liquid discharged f3,900 m3) was approximately 30% of the
calculated pore volume (13,300 m ). Each of the four excavations that
received liquid waste measures 63 by 3 by 5 m deep, 59 m above the water
table. As with the 216-Z-1A Tile Field, this estimation cannot be used to
conclude that the liquid did not reach ground water.

The quantity of carbon tetrachloride dissolved in the aqueous phase
discharged to the cribs can be estimated by assuming that the total volume of
liquid discharged to each site was all aqueous phase containing carbon tetra-
chloride at its solubility limit of 800 mg/L.

216-Z-9 Trench 216-Z-1A Tile Fielda 216-Z-18 Crib

Voltue, L 4.1 x 106  5.2 x 106 3.9 x 106
Carbon tetrachloride in 3,300 4,200 3,100

aqueous phase, kg
aTotal volume only includes the PRF waste.
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These quantities of carbon tetrachloride represent approximately 2% of
the carbon tetrachloride discharged to these sites. At any of the three
sites, carbon tetrachloride in an aqueous or non-aqueous phase could have
reached the ground water by migrating along preferential pathways.

B.5.2 Barriers and Inducements to Vertical Migration

Migration of fluids, both liquid and vapor, are influenced by the
natural stratification and variability of the sediments. The Plio-Pleistocene
paleosurface (caliche layer) is a relatively continuous, low permeability
barrier to vertical movement of fluids in the unsaturated zone (Figure B-13).
This layer most likely temporarily diverted carbon tetrachloride liquid and/or
vapor laterally away from primary carbon tetrachloride disposal sites until a
sufficient amount built up to force the liquid or vapor through the lower per-
meability layer. Vapors volatilizing off the ground water may be temporarily
trapped below this layer until they find a vertical pathway upward.

The surface of the Plio-Pleistocene generally slopes toward the south/
southwest from the primary carbon tetrachloride disposal sites (Figure B-13).
However, the character of this layer varies across the 200 West Area
(Section B.3.4.3) and includes locally less-cemented, more-permeable areas and
fractures which allow more rapid fluid flow through the layer. East of the
Z Plant area, this layer is not present (Figure B-13).

The fine-grained sediments of the lower mud sequence in the Ringold
Formation form the base of the unconfined aquifer and may act as a barrier to
vertical movement of liquids. Dense nonaqueous phase liquids on the surface
of this mud sequence would move structurally downslope toward the southwest,
possible collecting in the apparent low south of 216-Z-18 Crib (Figure B-11).
Although dense nonaqueous phase liquids would locally pool on this layer, they
may eventually penetrate to underlying gravels by migration through the sedi-
ments or along preferential pathways such as fractures or erosional windows.

The fine-grained sediments of the lower mud sequence are not present in
the northeast corner of the 200 West Area; the base of the unconfined aquifer
is defined in this region as the top of the underlying basalt (Figure B-10).
If liquid-phase carbon tetrachloride were to migrate to the bottom of the
unconfined aquifer here (which seems unlikely given the structural dip of the
lower mud sequence), it would move to the southwest along the relatively
uniform slope of the top of the uppermost basalt layer. Fractures, joints,
and other discontinuities in the basalt, in turn, could give the carbon
tetrachloride access to the confined aquifer system. All of these strati-
graphic layers would act to divert fluids in directions opposite to the
regional ground water flow direction (Figure B-19). All of these surfaces may
contain pockets of nonaqueous fluid pooled in local topographic lows.

Older, poorly sealed wells, which penetrate either the Plio-Pleistocene
and/or the water table, may provide a vertical conduit for fluids. Liquid
organics which intercept the borehole in the subsurface may migrate downward
along the outside casing of the well; however, there is no documented evidence
of this.
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It is also important to note that carbon tetrachloride, due to its low
dielectric constant, can increase the permeability of subsurface materials
and, hence, strongly influence its own migration pathway. The dielectric
constant for carbon tetrachloride is 2.2, whereas the dielectric constant for
water is 78.5 (Table B-5). Solutions with high dielectric constants, such as
water, will cause expanding alumino-silicate clays to swell. A liquid with a
low dielectric constant, such as carbon tetrachloride, causes clays to shrink,
and therefore increases the permeability of the soil through the introduction
of cracks and fissures. Evans et al. (1985) have shown that the influence of
saturated carbon tetrachloride in 7% bentonite-sand resulted in 100-fold
increase in the hydraulic conductivity. This increase in hydraulic conductiv-
ity is a physical process, and as such, is reversible. Flushing the soil with
water, i.e., waste water disposal to cribs, can remove the carbon tetrachlor-
ide, significantly decreasing the hydraulic conductivity.

Table B-5. Physical and Chemical Properties of
Carbon Tetrachloride.

PropertyCarbon Tetra-Property chloride Value Water Value

Solubility in water 800 mg/L at 20'C N/A

Vapor pressure 113.8 mm Hg at 25'C 24 mm Hg at 250C

Saturated vapor 754 mg/L at 20'C ---
concentration

Henry's Law 9.4 x 10' N/A
constant (KH)

Liquid density 1.59 g/mL at 20*C 1.0 g/mL at 20'C

Vapor density 5.5 Air = I
Dielectric constant 2.2 78.5

N/A = Not applicable.

Thus, carbon tetrachloride can alter the permeability of sediments that
might otherwise impede vertical migration and perch the carbon tetrachloride.
This may happen both in the unsaturated zone and beneath the water table. In
addition, this phenomenon may be responsible for the formation of higher
permeability channels throughout the unsaturated and saturated zones. These
channels can act as preferential pathways and in effect shunt separate phase
carbon tetrachloride through subsurface materials.

B.5.3 Predictions and Observations in the Unsaturated Zone

Observations and measurements of carbon tetrachloride vapors in the
unsaturated zone have been recorded both above and below the Plio-Pleistocene
layer. In the near field, boreholes sampled at the wellhead and downhole at
the three carbon tetrachloride disposal sites (Figure B-20) indicate vapors
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present both above and below the caliche layer. In the far field, observa-
tions of carbon tetrachloride vapors reported during drilling since 1987
indicate that most of the detections were below the caliche layer, although
wells west of 216-Z-18 Crib had detections both above and below the caliche
(Figure B-22). Soil samples collected from wells west of 216-Z-18 Crib
confirm this pattern, although the highest concentrations are found below the
caliche layer. Soil sampling also detected the presence of carbon tetra-
chloride both above and below the caliche layer in two wells along the
northern border of the 200 West Area.

The presence of vapors above the caliche layer west of 216-Z-18 Crib
suggests that the Plio-Pleistocene layer may have laterally diverted fluids
from 216-Z-18 Crib to the west. Carbon tetrachloride and other organic vapors
were reported during drilling of ground water wells W18-9, W18-10, and W18-11
at 216-Z-18 Crib in 1968, before the crib was placed into service. Carbon
tetrachloride vapors and/or fluids probably migrated laterally from the
216-Z-1A Tile Field. The vapor extraction system tests also indicate that
vapors are migrating laterally within the unsaturated zone. The distribution
of wells with detections below the caliche layer matches fairly well with the
distribution of carbon tetrachloride in the ground water and suggests that the
source of vapors in these wells may be carbon tetrachloride volatilizing from
the ground water.

Thus, the vapor and soil sampling in the unsaturated zone confirms the
presence of carbon tetrachloride vapors. However, the proportions of vapor
occurring above and below the Plio-Pleistocene layer are unknown.

Movement of the carbon tetrachloride plume in the unsaturated zone is
difficult td characterize because of the complexity of the reactions between
the soil and the carbon tetrachloride, the effect of the porous media on the
physical and chemical properties of the organic compound, and the altering of
the physical and chemical properties of pure carbon tetrachloride when in
aqueous or nonaqueous solution.

Liquid carbon tetrachloride has a high vapor pressure and a low
solubility (Table B-5), making it relatively volatile. Therefore, at
discharge sites, carbon tetrachloride vapor cai be expected to be present to
some degree in the soil pores. Carbon tetrachloride in the nonaqueous phase
or dissolved in an aqueous phase acts to maintain a continual equilibrium with
the vapor phase. The vapor phase is then subject to migration through either
diffusion or advection. Due to the density of the carbon tetrachloride vapor,
the density of the contaminated vapor phase is greater than uncontaminated
vapor in the unsaturated zone. Recent studies have indicated that this
contrast in vapor densities can result in density-driven advection.

This density-driven advection can act to move carbon tetrachloride vapor
out of the contaminated zone. As the contaminated vapor moves into uncontami-
nated areas, it may partition into the water and soil phase and act to
establish equilibrium. Thus, carbon tetrachloride can migrate through and
contaminate the unsaturated zone, eventually reaching the water table and
contaminating ground water.
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Figure B-31. Theoretical Steady-State Vapor Concentration Profiles
Between the Ground Water and the Soil Surface.
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As a point of reference for comparison with soil gas concentrations from
the vapor extraction system test and other soil gas data, it is of interest to
consider the theoretical soil gas concentrations above the water table.
Figure B-31 shows the predicted steady-state vapor concentrations between the
ground water and surface soil for a volatile compound in the ground water
under equilibrium conditions. Based on Henry's Law, the pore space
immediately above the water should contain approximately I pg/L of carbon
tetrachloride vapor per pg/L of carbon tetrachloride in the water at 200C
(Devitt et al. 1987) or 0.16 p/m vol per pg-L. This implies a soil gas
concentration above the water table due to escape of carbon tetrachloride from
the ground water of 160 p/m vol for the 1,000-pg/L contour and of 800 p/m vol
for the 5,000-pg/L contour.
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Using the straight line (no degradation curve) on Figure B-31 and the
data above, the predicted vapor concentrations in the soil are calculated for
just below the caliche (assuming a uniform depth to water of 61 m and a depth
to the caliche of 37 m) and shown in Figure B-32. The concentrations observed
during drilling through the caliche layer (Section B.4.1) do not correspond to
the predicted concentrations. The concentrations observed during drilling
also do not show a continuous decrease from the ground water to the ground
surface. In fact, the observed concentrations do not appear to have any
consistent pattern. However, the presence of detectable vapor concentrations
is dependent, at least in part, on the barometric pressure, the monitoring
frequency, and the detection limits of field instruments. In addition, vapor
concentrations measured during drilling tend to be low because of dilution in
the borehole.

Using the actual depth to ground water, the depth of the middle of the
perforated zone, and the concentration of carbon tetrachloride in the under-
lying ground water, carbon tetrachloride vapor concentrations at the perfor-
ated zone were predicted using the relationships shown in Figure B-31. Of the
25 detections of carbon tetrachloride at the wellhead during field inspections
in 1991 (Appendices C and D), only three of the observed concentrations were
within 20% of the predicted concentrations. These measurements are subject to
similar limitations as those taken at the wellhead during drilling.

Based on these comparisons, it appears that the vapor and ground water
may not be in a steady-state condition. However, the set of available,
observed concentrations were not collected specifically for comparison with
predicted equilibrium conditions and may not be not suitable for this purpose.

The disposal of both aqueous phase and nonaqueous phase carbon
tetrachloride to the unsaturated zone should have initially left significant
amounts of residual carbon tetrachloride contamination i.n the unsaturated
zone. As the nonaqueous phase carbon tetrachloride migrated downward, a
significant proportion may have been left behind as residual saturation.
Based on the volumes of soil and nonaqueous phase carbon tetrachloride
involved and a potential residual saturation of 10%, a large percentage of the
nonaqueous carbon tetrachloride could have been held in the soils above the
water table. However, many factors are involved in this process which make
reliable prediction of residual nonaqueous saturation difficult. For example,
the amount of residual nonaqueous carbon tetrachloride left in place could be
significantly reduced if the nonaqueous phase liquid migrated primarily
through preferential flow paths rather than through a diffuse flow path in the
unsaturated zone. In addition, subsequent discharge of aqueous solution may
have acted to dissolve nonaqueous phase from the soil column, but this is a
slow process. Thus, the amount of residual left behind is very difficult to
predict.
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Figure B-32. Comparison of Predicted Steady-State Vapor Concentrations
Under the Base of the Plio-Pleistocene Unit with Ground

Water Concentrations.
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If a major fraction of the carbon tetrachloride originally added to the
disposal sites is still present in the soil column as a dissolved phase or as
a nonaqueous phase, a relatively high soil vapor concentration would be
expected. For example, either an aqueous phase at its solubility limit for
carbon tetrachloride or a nonaqueous carbon tetrachloride phase in the soil
pore space would result in a maximum or saturated soil vapor concentration of
754 mg/L at 200 C (Table B-5). This vapor concentration is equivalent to
approximately 120,000 p/m vol. The maximum soil vapor concentration observed
during either the soil gas sampling or the vapor extraction system test at
216-Z-1A Tile Field was 915 p/m vol. Possible explanations for this apparent
discrepancy include: (1) most of the carbon tetrachloride has been lost from
the soil column in the vicinity of the disposal cribs; (2) the depths and
locations of the venting or test wells were not optimal; or (3) a gap between
the outside of the casing and the soil allowed inleakage of air or
noncontaminated soil vapor during the vapor extraction tests. The proposed
remediation work will hopefully resolve these ambiguities.

B.5.4 Predictions and Observations in the Ground Water

Ground water contamination due to residual chlorinated hydrocarbon
sources from the carbon tetrachloride cribs involves: (1) diffusion of a
vapor phase into the aquifer from residual sources in the unsaturated zone;
(2) dissolution of a dense, nonaqueous phase liquid that is residual
saturation in the aquifer or is pooled along the bottom contact of the
aquifer; (3) contamination from aqueous solutions of carbon tetrachloride that
migrated throngh the unsatutated zone to the water table; and/or (4) a
combination of these three primary sources depending on the timing and crib-
specific disposal conditions.

A vapor phase source should result in a shallow vertical distribution in
the aquifer due to the relatively slow process of molecular diffusion, the
process by which the carbon tetrachloride vapor enters the ground water
(Pinder and Abriola 1986). A source involving dissolution of residual dense,
nonaqueous phase liquid in aquifer sediments should behave more as a "point"
source (i.e., on the scale of the crib dimensions) and would be expected to
exhibit a greater depth distribution of dissolved DNAPL in the aquifer.
Preferential pathways (e.g., unsealed well casings) close to the cribs
represent "mini" point sources that would exhibit irregular areal distribution
patterns in the aquifer.

The two concentration lobes in the core of the plume (Figure B-27) may
represent two release events from the same general area (Z cribs). Two
possible release scenarios are (1) an early time period of a sinking vapor/
perched water source; and (2) a slow dissolution of residual DNAPL in the
aquifer. The vapor-related source would have prevailed during the southward
net flow of ground water due to the T Pond mound that controlled direction
until the late 1950s. This southward flow may also account for the low-
concentration lobe to the southwest. After flow reversal due to U Pond in the
early to mid 1960s, the plume moved north in response to the new gradients
from the ground water mounding at U Pond. Settling, free phases or droplets
of carbon tetrachloride may have taken longer to reach the water table, where
they would slowly dissolve. This source would have been the largest at the
216-Z-9 Trench, based on the holding capacity of the trench in relation to the
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total amount discharged at this disposal site. This type of source (the free
phase carbon tetrachloride) could explain why the high-concentration core
still appears to be emanating from the 216-Z-9 Trench area, 20 to 30 yr after
discharges ceased.

An alternative explanation for the two lobes of the plume is that some
carbon tetrachloride waste may have been discharged to disposal facilities in
the T Plant area. Such an occurrence would be consistent with the plume
patterns and the known ground water mounding that occurred from the large
volumes of waste water discharged in the vicinity of T Plant. No records of
such an occurrence have been found to either support or reject this
possibility. The T Plant area however was known to be used as a decontami-
nation facility for large equipment and tank cars. Solvents and degreasers
may have been used in these operations.

The residual ground water mound in the 200 West Area now appears to be
centered beneath the study area, complicating the predicted direction of
contaminant movement in the vicinity of these potentially continuing sources.

o Ground water contaminated by sinking vapor that diffuses into the near-surface
aquifer would move radially from the mound (assuming uniform transmissivities
in all directions). A spreading carbon tetrachloride plume approximately
uniform in all downgradient directions would result if this were the case.
The observed contaminant distribution pattern, however, suggests the center of

rl maximum ground water contamination is displaced north to northwest of the
approximate center of maximum source strength represented by the three
principal carbon tetrachloride cribs (Figures B-27). The line source of
recharge from the Z-20 Crib may restrict movement to the east, although the
observed water levels do not suggest such a barrier exists.

An additional contaminant pathway involving desorption of residual
carbon tetrachloride vapor in the soil column beneath the 216-Z-1A Tile Field
and 216-Z-18 Crib by adjacent perched water sources from active liquid waste
disposal (e.g., 216-Z-20 Crib) may result in a continuing source of
intermediate ground water contamination. The waste water discharged to the

-- 216-Z-20 Crib can create a perched water zone parallel to the crib that may
permit equilibration of residual carbon tetrachloride vapor with the
infiltrating and/or perched water. Well W18-17, the monitoring well closest
to a potential vapor source (near 216-Z-1A Tile Field), has the highest ground
water carbon tetrachloride concentration of the two wells located next to the
216-Z-20 Crib. Evaluation of perched water/vapor phase interaction was
attempted at a new well (W18-29, Figure B-22) located at the south end of the
216-Z-20 Crib, which encountered perched water during drilling. Sampling
results were not available for this report. However, vapor concentrations
above the caliche layer on the order of 20 to 30 p/m vol were encountered
during drilling of the well. Equilibrium between perched water and vapor of
this concentration would theoretically result in a water concentration of (20
to 30 p/m vol)/(0.16 p/m vol per pg-L) = 125 to 188 pg/L at 200C which could
thus be a source of ground water contamination. (NOTE: The warm process
water discharged to the 216-Z-20 Crib raises the near-surface aquifer
temperature to 200 to 22'C as compared to an ambient natural temperature of
15* to 16'C (field records, Appendix D). The elevated temperature will also
increase the carbon tetrachloride vapor concentration in the pore space above
the water.)
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The major uncertainty concerning the extent of ground water contamina-
tion is the vertical distribution throughout the plume area. Supplemental
sampling of some new and existing wells suggest the vertical as well as areal
extent of high ground water concentrations (>3,000 pg/L) of carbon tetra-
chloride is greater than previously thought. The zone of highest ground water
contamination and the large-scale contaminant distribution patterns in the
upper aquifer appear to be consistent with ground water transport and
dispersion of a contaminant from a point source from near the 216-Z-9 Crib
(Figure B-27). The dispersion pattern implies contaminant plume movement in
more than one direction. This is attributed to a previous ground water mound
north of the carbon tetrachloride cribs (T Pond) that caused water to flow to
the south-southwest during the 1950s followed by flow direction reversal when
U Pond became operational (Figure B-14). Flow to the north occurred from the
early to mid 1960s to the present due to the dominating influence of U Pond.

If vapor transport is the primary mechanism for explaining the ground
water contamination, the carbon tetrachloride should occur in a relatively
shallow zone (1 to 2 m thick) at the top of the aquifer near major source(s).
Preliminary test results at a "deep" perforated well near the 216-Z-9 Trench
suggest concentrations at about 3,000 pg/L occur to a depth of at least 52 m
below the aquifer surface at a location close to the trench (Figure B-28).
However, west and north of the carbon tetrachloride cribs, wells completed and
sampled near the bottom of the unconfined aquifer (W15-17, W18-22) do not have
carbon tetrachloride above the detection limit. These observations again
suggest a point source near the 216-Z-9 Trench.

B.5.5 Conclusions

Carbon tetrachloride vapors are present in the unsaturated zone in the
200 West Area. In the vicinity of the three disposal cribs, and west of the
three disposal cribs, the vapor is found both above and below the caliche
zone. The vapor above this zone is probably migrating laterally in the vapor
phase downslope along the caliche surface or volatilizing off of sorbed or
migrating liquid phase.

The vapors below the caliche are found in an area roughly coincident
with the area underlain by the ground water plume, suggesting that these
vapors may have volat'ilized from the ground water.

The maximum observed concentration of carbon tetrachloride in the
unsaturated zone is two orders of magnitude lower than the maximum
concentration expected for vapors in equilibrium with an aqueous phase
saturated with carbon tetrachloride or a nonaqueous carbon tetrachloride
liquid phase. No reports of liquid phase carbon tetrachloride encountered in
the subsurface are known.

Vapors in the unsaturated zone may equilibrate with waste water from
other liquid waste disposal facilities which then contaminates the unconfined
aquifer.

The unconfined aquifer is contaminated with carbon tetrachloride above
the maximum contaminant level of 5 pg/L covering an area of over 10 km2
beneath the 200 West Area. Assuming uniform distribution over a 10-m depth,
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nearly half of the total estimated ground water inventory is in a relatively
small area of 0.6 km2, with approximately 1/4 of the total in an area of
0.3 km . Thus, there is a core of high concentrations surrounded by increas-
ingly lower concentrations.

A vapor phase source of ground water contamination should result in a
shallow (1- to 2-m) vertical distribution in the aquifer due to molecular
diffusion. A source involving dissolution of residual liquid phase carbon
tetrachloride in the aquifer should behave more as a "point" source and would
be expected to exhibit a greater depth distribution of dissolved carbon
tetrachloride in the aquifer. Additional discharge will also increase the
vertical distribution of contaminants.

The zone of highest ground water contamination, and its spatial relation
to 216-Z-9 Trench, is consistent with a carbon tetrachloride point source
emanating from near 216-Z-9 Trench. Furthermore, sampling in the upper 55 m
of the aquifer at W15-6 indicates deeply distributed carbon tetrachloride.
This point source may be a result of the relatively large volumes of liquid

co containing carbon tetrachloride discharged, relative to the retention capacity
of the sediments in the unsaturated zone under 216-Z-9 Trench, or may be due
to liquid phase carbon tetrachloride moving downward along preferential
pathways (e.g., an older well casing). The dispersion pattern is attributed
to contaminant movement in more than one direction as a result of changing
liquid waste disposal practices in the 200 West Area.

B.6 DATA LIMITATIONS

A considerable quantity of data -- both existing and new -- was compiled
and analyzed during Phase I Site Evaluation. These data are being used for
characterization, remedial design input, and baseline monitoring. However,
each set of data is associated with uncertainties which must be kept in mind
when interpretations and remediation decisions are being made based on those
data. This section discusses the limitations for data presented in the
Phase I Site Evaluation.

The Phase I field activities were designed to be safe, timely, and cost
effective. To that end, no new wells were drilled. Characterization using
boreholes was limited to existing wells. This meant that wells might not be
optimally placed for data coverage or testing. Existing unsaturated and
ground water wells around the three disposal sites were constructed to
different standards and for different purposes over a 42-yr period. Many
older wells do not have surface seals.

Phase I evaluation relied on field screening instruments to save on
laboratory turnaround time and costs. While the use of lower quality data was
acceptable to meet the goals of the site evaluation, it must be recognized
that field screening instruments may not be as sensitive or accurate as
laboratory instruments, may not be comparable to one another, and are usually
not compound-specific.

Near-surface and subsurface soil gas measurements were made to assess
the lateral and vertical distribution of the carbon tetrachloride vapor plume
in the unsaturated zone. Although the results of various field activities can
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be used to make qualitative estimates of the extent of the vapor plume, the
data do not lend themselves to quantitative interpretations. The ability to
detect soil gas vapors in the near-surface (1.5 m below ground), at the
wellhead, and downhole is a function, in part, of the barometric pressure, so
that a lack of detection may be a function of the weather. Soil gas samples
at the wellhead, downhole, and from soil samples are subject to dilution
and/or sample loss. Monitoring of vapors during drilling, which is done for
safety reasons, may not have an optimum frequency for characterization
efforts; samples measured in situ at the wellhead may be diluted by
atmospheric vapors; and wellhead and downhole measurements in completed wells
are affected by the construction depths and details.

Data limitations of the vapor extraction system tests include
uncertainty in the exact interval being sampled or tested (because of possible
variations in lithology or leakage along the outside of the casing). In
addition, the effects of barometric pressure on the observed vapor
concentrations are unclear.

Samples of volatile organics were measured in the ground water to assess
the lateral and vertical distribution of carbon tetrachloride in the
unconfined aquifer. The samples were analyzed in the laboratory using
accepted laboratory techniques for detecting volatile organic chemicals.
However, the wells in the vicinity of the carbon tetrachloride cribs and on
the perimeter of the ground water plume include an assortment of construction
methods and sampling techniques which qualifies direct comparisons. For
example, sampling involved a mix of old wells with submersible pumps, newer
wells constructed to RCRA standards and equipped with positive displacement
piston pumps, and older wells which could only be sampled by bailer.

The screened or perforated intervals in this set of wells have an
irregular distribution in relation to water depth. In most cases, the
existing depths of the screened/perforated intervals limit the sampling to the
upper part of the unconfined aquifer, leading to uncertainty as to the depth
distribution/concentration profile and to the presence of a large residual
dense, nonaqueous phase liquid source in the aquifer sediments. The long time
period of existing contamination allows the possibility that contamination may
have been introduced into the borehole during drilling and casing emplacement
during the last 35 yr. Similarly, older unsealed boreholes may provide
preferential pathways for vertical migration.

The water table in the vicinity of the three carbon tetrachloride
disposal sites influences the flow direction of ground water. The water table
appears to be a relatively flat-topped mound centered under the area of the
three disposal sites. However, many of the wells used for water level
measurements have not been accurately surveyed, which could affect the
interpretation of which direction is downgradient.
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Appendix C contains data, compiled during Phase I Site Evaluation,
pertaining to existng boreholes in the 200 West Area:

* Cl - Well Construction and Completion Summaries

* C2 - Field Inspection Reports

. C3 - Camera Surveys

" C4 - Lithologic and Well Construction Diagrams

* C5 - Borehole Geophysical Logging Results

. C6 - Stratigraphic Data Table.

The Borehole Construction Summary (Table Cl) summarizes information
about the 54 boreholes associated with the three primary carbon tetrachloride
disposal sites (216-Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-18 Crib). The
information was summarized from the Hanford Ground Water Data Base, extracted
with Westinghouse Hanford Geosciences Group's Paradox software, the 1989

tfl Pacific Northwest Laboratory document PNL-6907, entitled Hanford Wells,
prepared by V. L. McGhan, and results of the data compilation reported in C1
and C2.

The initial borehole data compilation task was to prepare the Well
Construction and Completion Summaries (Cl) for the existing boreholes
associated with the three carbon tetrachloride disposal sites and for the
boreholes initially slated for ground water sampling. Summaries were not
prepared for boreholes identified as "destroyed". A total of 64 summaries
were prepared by Westinghouse Hanford Environmental Field Services staff per
environmental investigations instructions (EII) 6.6, "Resource Protection Well
Characterization and Evaluation" as provided in the Westinghouse Hanford
Company's Environmental Investigations and Site Characterization Manual,
WHC-CM-7-7, dated 1988. Because the summaries are based on drilling records
only, they were considered to be preliminary and subject to revision when
results of the field inspections were received. The diagrams of the well

-- constructions are not to scale.

A Field Inspection Report (C2) was then prepared for each of these wells
by Westinghouse Hanford Environmental Field Services staff per ElI 6.6. The
field inspections included measuring both the depth to the bottom of the
borehole and the distance between the top of the casing and the ground surface
(or cement pad). As noted on the reports, several wells could not be
inspected either because they are in areas to which access is restricted or
because the well cap could not be removed.

Finally, television Camera Surveys (C3) were run on the four wells --
W18-87, W18-150, W18-164, and W18-171 -- identified for use in the vapor
extraction system test. The surveys were performed by Westinghouse Hanford
Environmental Field Services staff per ElI 6.6.

The Lithologic and Well Construction Diagrams (C4) graphically depict
the information from the Well Construction and Completion Summaries as supple-
mented by the Field Inspection Reports. These drawings are to scale.
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Borehole Geophysical Logging (C5) was conducted to identify radio-
actively contaminated depth intervals in the well (W18-171) selected for use
during the vapor extraction system test. The objective was to avoid perfor-
ating the well at any such intervals. The well was logged twice: once by
Westinghouse Hanford Geosciences Group using the spectral gamma ray logging
tool and once by Pacific Northwest Laboratory using a gross gamma ray logging
tool.

The Stratigraphic Data Table (C6) lists the elevations of contacts
between geologic unit in the 200 West Area. The contacts were chosen by
K. A. Lindsey of the Westinghouse Hanford Geosciences Group based on his
interpretation of geologists' logs and examination of core.
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Table C-1. Borehole Construction Summary. (Page 1 of 2).

Coordinates Casing Ground Casing DriLted Date Total Depth to Perf/Scrn
WeLL Elevation Elevation Diameter Depth DriLLing Deptha Watera IntervaL

EW NS (ft) (ft) (in.) (ft) Completed (ft) (ft) (ft)

216-Z-9 Trench

W15-6 75765 40005 661.50 658.57 6 410 05/24/59 361.1 189.5 175-408

W15-8 75910 39740 667.79 665.69 4 206 11/23/66 201.6 196.9 N/A
W15-9 75890 39930 662.30 660.58 4 195 12/14/66 190.8 190.4 186-189

W15-82 75810 39860 660.09 659.57 8 101 10/04/54 99.1 N/A N/A

W15-84 76000 39860 669.82 668.35 8 110 10/10/54 106.3 N/A N/A

W15-85 75910 39970 664.11 662.67 8 106 10/12/54 103.7 N/A N/A

W15-86 75958 39790 661.22 658.16 4 144 08/14/57 140.8 N/A N/A

W15-95 75925 39930 660.00 657.35 8 100 01/21/59 99.3 f/A N/A

W15-101 75860 39890 660.00 ND 6 50 01/16/67 ND f/A N/A

216-Z-1A Tile Field

W18-6 76706 39212 678.47 675.91 6 300 01/15/64 201.0 N/A 190-298

W18-7 76491 39204 678.99 676.49 6 300 01/13/64 203.3 N/A 190-298

W18-65 76589 39373 676.94 ND 4 150 04/30/49 ND N/A N/A

W18-67 76534 39399 668.00 ND 8 47 09/30/49 ND N/A N/A
W18-68 76506 39371 668.00 ND 8 46 09/30/49 ND N/A N/A

W18-76 76610 39318 669.00 668.16 6 19 03/28/67 18.8 N/A N/A
W18-77 76608 39273 669.00 668.63 6 25 03/30/67 ND N/A N/A

W18-78 76600 39308 669.00 668.48 6 17 03/30/67 14.0 N/A N/A

W18-79 76594 39274 669.00 668.76 6 23 03/30/67 ND f/A N/A
W18-80 76596 39246 669.00 668.62 6 21 03/31167 ND N/A N/A

W18-81 76605 39283 669.00 665.80 6 41 04/03/67 37.7 N/A l/A

W18-85 76717 38989 679.75 676.83 6 150 08/05/69 150.0 N/A l/A

W W18-86 76742 39106 683.49 681.48 6 150 08/21/69 149.1 N/A N/A

W18-87 76604 38980 677.23 674.86 6 150 09/05/69 149.2 N/A N/A

W18-88 76432 39298 679.76 677.01 6 150 09/19/69 146.7 N/A l/A

0 W18-89 76752 39360 681.32 678.50 . 6 150 10/21/69 141.7 N/A N/A

W18-149 76602 39329 672.56 670.56 6 100 04/12/74 24.7 f/A N/A
W18-150 76601 39075 671.81 668.85 6 128 07/21/77 115.9 f/A N/A

W18-158 76650 39266 672.61 669.97 6 131 09/08/77 125.6 f/A N/A

W18-159 76602 39228 670.77 669.63 6 130 01/11/78 120.9 f/A N/A

W18-163 76552 39284 670.00 667.50 8 135 02/16/77 130.3 f/A N/A

W18-164 76602 39040 678.75 675.68 6 153 02/01/77 143.4 f/A N/A
W18-165 76650 39180 672.09 668.99 6 135 03/29/77 125.4 f/A N/A

W18-166 76650 39108 671.11 668.36 6 137 04/14/77 129.4 f/A N/A

W18-167 76552 39214 669.00 665.68 8 134 05/17/77 126.2 f/A N/A

W18-168 76552 39043 669.00 665.70 8 131 06/16/77 124.1 f/A N/A

W18-169 76552 39073 669.00 665.94 8 132 09/05/77 125.7 f/A N/A
W18-170 76602 39154 672.32 668.59 6 30 09/21/77 28.0 f/A N/A
W18-171 76604 39010 677.65 675.14 8 136 08/09/77 128.7 f/A N/A
W18-172 76595 39435 678.07 ND 8 134 08/25/77 ND N/A N/A
W18-173 76574 39307 673.31, 670.02 8 51 10/14/77 44.6 N/A N/A
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Table C-1. Borehole Construction Summary. (Page 2 of 2)

Coordinates Casing Ground Casing Drilled Date Total Depth to Perf/Scrn
Well Elevation Elevation Diameter Depth Drilling Deptha Watera Interval

EW NS (ft) (ft) (in.) (ft) Completed (ft) (ft) (it)

216-2-IA Tile Field (cont)

W18-174 76565 39296 673.21 669.85 8 51 10/11/77 46.4 N/A N/A
W18-175 76600 39117 670.00 667.07 6 130 12/07/77 118.4 N/A N/A

216-2-18 Crib

W18-9 76846 38852 682.47 679.56 6 220 12/13/68 217.6 210.7 180-218

W18-10 76803 38847 682.63 679.51 6 220 12/11/68 ND ND 180-218

W18-11 76955 38735 683.00 679.66 6 220 01/04/69 188.6 N/A 180-220

W18-12 76955 38850 683.00 680.52 6 220 ND 212.6 N/A 190-218

W18-82 77101 38570 680.00 677.58 6 146 ND 148.3 N/A N/A
W18-93 76905 38744 665.00 662.00 6 140 02/08/72 139.7 N/A N/A

W18-94 76880 38662 665.00 661.77 6 80 02/10/72 84.4 N/A N/A
W18-95 76970 38665 665.00 661.88 6 80 02/15/72 78.1 N/A N/A

W18-96 76790 38825 665.00 662.02 6 80 02/18/72 78.2 N/A N/A
W18-97 76790 38745 665.00 662.00 6 85 02/24/72 83.2 N/A N/A
W18-98 76880 38940 665.00 662.03 6 80 02/29/72 76.3 N/A N/A
W18-99 76768 38949 665.00 662.13 3 135 03/08/72 131.4 N/A N/A

aMeasured in January and February 1991.

ND = Not Determined.

N/A = Not Applicable.

NOTE: To convert from metric, multiply feet
by 2.54 to obtain centimeters.

by 0.3048 to obtain meters and multiply inches
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HANFORD COORD
WELL NUMBER NORTH WEST

*299-W15-6
299-115-8

*299-W15-9
299-W15-82
299-W15-84

299-WIS-85
299-W15-86
299-W15-95
299-W15-101
*299-418-6

*299-W18-7
-299-118-9
*299-W18-10
!299-WIJ-11
1299-W18-12

299-W18-24 -
.c299-418-56
x 299-W18-57
299-W18-58

)<299- W18-59

x299-W18-60
x 299-W18-61
x 299-w18-62
x 299-WIB-63
A 299-W18-64

299-148-65
>299-418-66
299-411B-67
299W18-68
299tM18-76

299-W18-77
299-W18-78
299-W18-79
299-W18-80
299-WI-81

299-W18-82
299-W18-85
299-W18-86
299-W18-87
299-W18-88

40005
39740
39930
39860

'39860

39970
39790
39930
39890
39212

39204
38852
38847
38735
38850

38998
39301
39309
39161
39161

39424
39424
39398
39398
39373

39373
39063
39399
39371
39318

39273
- 3?308

39274
39246
39283

38570
38989
39106
38980
39298

75765
75910
75890
75810
76000

75910
75958
75925
75860
76706

76491
76846
76803
76955
76955

77180
76615
76587
76651
76552

76614
76589
76614
76589
76614

76589
76601
76534
76506
76610

76608
76600
76594
76596
76605

77101
76717
76742
76604
76432

9II |2

DRILL DRILL MEAS DEPTH CASNG CASNG PERFORATE
DATE DEPTH DEPTH WATER DIAN ELEV INTERVAL

.. .== .== --===---=--====

HarS9
Nov66
Dec66
Oct54
Oct54

Oct54
Aug57
Jan59
JanM7
Jan64

Jan64
Dec68
Dec68

Aug87
Mar49
Har49
Mar49
Mar49

Apr49
Apr49
Apr49
Apr49
Apr49

Apr49
Apr49
Sep49

Sep49
Mar67

Har67
Mar67
Mar67
Mar67
Apr67

ND
Jul69
Aug69
sep69
Sep69

410
206
195
101
110

106
144
100
50

300

300
220
220
220
220

240
150
150
150
150

150
150
151
150
150

150
150
47
46
19

25
17
23
21
41

ND
150
150
150
150

370
203
191
98

106

103
136
100

46
200

207
217
212
189
214

235
'150
150
150
150

150
150
151
150
150

140
150

47
46
RD

ND
ND
NO
ND
ND

146
148
147
148
150

190
196
190
Vad
Vad

Vad
Vad
Vad
Vad
200

ND
208
207
208
208'

213
Vad
Vad
Vad
Vad

Vad
Vad
Vad
Ved
Vad

Vad
Vad
Vad
Vad
Vad

Vad
Vad
Vad
Vad
Vad

Vad
Vad
Vad
Vad
Vad

6.0
8.0
8.0
8.0
8.0

8.0
8.0
8.0
6.0
8.0

8.0
6.0
6.0
6.0
6.0

4.0
8.0
8.0
8.0
8.0

8.0
8.0
8.0
8.0
8.0

8.0
8.0
8.0
8.0
6.0

6.0
6.0
6.0
6.0
6.0

8.0
6.0
6.0
6.0
6.0

661.50
667.79
662.30
660.09
669.82

664.11
661.22
660.00
660.00
678.47

678.99
682.47
682.63
683.00
683.00

684.35
670.61
670.94
668.66
669.87

676.86
676.68
676.34
676.36
676.33

676.94
669.11
668.00
668.00
669.00

669.00
669.00
669.00
669.00
669.00

680.00
679.75
683.49
677.23
679.76

175 - 408
None
None
None
None

None
None
None
None
190 - 298

190 - 298
180 - 218
180 - 218
190 - 219
190 - 218

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

None
RA
NA
NA
NA

SCREENED
INTERVAL

NA
RA
NA
IA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

205 235
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
RA
NA
NA

NA
NA
NA
NA
NA

FACILITY

216-2-9
216-2-9
216-2-9
216-2-9
216-2-9

216-2-9
216-2-9
216-2-9
216-2-9
216-2- IA

216-2-iA
216-2-18
216-2-18
216-2-18
216-2-18

216-2-18
216-2-1A
216-2-IA
216-2-1A
216-2-IA

216-2-1A
216-2-lA
216-2-lA
216-2-iA
216-2-lA

216-2-IA
216-2-lA
216-2-lA
216-2-IA
216-2-IA

216-2-1A
216-2-IA
216-2-IA
216-2-IA
216-2-IA

216-2-18
216-Z-1A
216-2- IA
216-2-1A
216-2-IA

DRAFT
C014MENTS

December 11, 1990
(Page 1 of TBD)

FIR required
FIR required
FIR required
FIR required
FIR required

FIR required
FIR required
FIR required
FIR required
FIR required, 6-in liner grouted to 156-ft

FIR required, 6-in liner grouted to 156-ft
FIR required
FIR required C
FIR required:
FIR required a,

FIR required, Hydrostar pump installed t-- c
Destroyed
Destroyed
Destroyed
Destroyed

p.,

Destroyed
Destroyed
Destroyed
Destroyed
Destroyed

4-in liner to 140-ft.
Destroyed
FIR required
FIR required
FIR required

FIR required
FIR required
FIR required
FIR required
FIR required

FIR required
FIR required
FIR required
FIR required
FIR required



:' 3 3 1

HANFORD CWORD
WELL HLNBER NORTH WEST

299-W18-89
299-W18-93
299-W18-94
299-18-95
299-W18-96

299-W18-97
299-W18-98
299 2W18-99.
299-W18-149
299-WIB-150

299-WB-158
299-J18-159
299-WI-163
299-WIS-164
299-W18-165

299-WI8-166
299-W18-167
299-WI-168
299-WIE-169
299-W18-170

299-W18-171
299-WIB-172
299-WI8-173
299-W18-174
299-W18-175

39360
38744
38662
38665
38825

38745
38940
38949
39329
39075

39266
39228
39284.
39040
39180

39108
39214
39043
39073
39154

39010
39435
39307
39296
39117

76752
76905
76880
76970
76790

76790
76880
76768
76602
76601

76650
76602
76552
76602
76650

76650
76552
76552
76552
76602

76604
76595
76574
76565
76600

DRILL DRILL
DATE DEPTH

Sep69
Feb72
Feb72
Feb72
Feb72

150
140
80
so
80

Feb72 85
Feb72 80
Nar72 135
AprZ3'/ 100
Jun,3i-9 128

Aug76
Jan78
Feb77
Jan77
Nar77

Apr77
May77
Jun77
Sep77
Sep76

Aug77
Aug77
Oct77
Oct77
Dec77

131
130
163
153
135

137
134
131
132

30

136
134

51
51

130

NEAS
DEPTH

150
138
83
77
77

82
75

129
75

128

131
130
163
146
128

137
ND
NO
ND
30

127
0
0
0
0

DEPTH
WATER

Vad
Vad
Vad
Vad
Vad

Vad
Vad
Vad
Vad
Vad

Vad
Vad
Vad
Vad
Vad

Vad
Vad
Vad
Vad
Vad

Vad
Vad
Vad
Vad
Vad

CASNG
DIAII

6.0
6.0
6.0
6.0
6.0

6.0
6.0
3.0
6.0
6.0

6.0
6.0
8.0
6.0
6.0

6.0
0.0
8.0
8.0
6.0

8.0
8.0
8.0
8.0
6.0

CASN B
ELEV

681.32
665.00
665.00
665.00
665.00

665.00
665.00
665.00
672.56
671.81

672.61
670.77
670.00
678.75
672.09

671.11
669.00
669.00
669.00
672.32

677.65
678.07
673.31
673.21
670.00

PERFORATE
INTERVAL

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
RA

SCREENED
INTERVAL

NA
NA
NA
NA
NA

HA
HA
NA
RA
NA

NA
NA
NA
NA
HA

NA
NA
NA
HA
RA

NA
NA
NA
NA
NA

DRAFT December 11, 1990
FACILITY COMMENTS (Page 2 of TSD)

216-2-1A
216-2-18
216-2-18
216-2-18
216-2-18

216-2-18
216-2-18
216-2-18
216-2-lA
216-2-lA

216-2-lA
216-2-1A
216-2-lA
216-2- IA
216-2- IA

216-2-lA
216-2-lA
216-Z-lA
216-2-IA
216-2-lA

216-2-lA
216-2-IA
216-2-A
216-2-1A
216-2-1A

FIR required
FIR required
FIR required
FIR required
FIR required

FIR required
FIR required
FIR required
FIR required, cement plug 75-100 ft.
FIR required, deepened Jut?7, grouted.

FIR required, deepened Sep77, grouted.
FIR required, grouted.
FIR required, grouted.
FIR required, grouted.
FIR required, grouted.

FIR required, grouted.
FIR required, grouted.
FIR required, grouted.
FIR required, grouted.
FIR required, deepened Sep77, grouted.

FIR required, grouted.
FIR required, grouted.
FIR required, grouted.
FIR required, grouted.
FIR required, grouted.

CD

<-h

Go

0

(
9 II

C,
-a

a.



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-W15-6 WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 40,005 E/W W 75,765
Driller's WA State State
Name: Osborn Lic Nr: Not documented Coordinates: N 445,112 E 2,219,457
Drilling Company Start
Company: Not documented Location:Not documented Card #:Not documented T__. R___ S
Date Date Elevation
Started: 27Jan59 Complete: 24May59 Ground surface (ft): Not documented

Depth to water: 190 ft May59
(Ground surface)_

GENERALIZED Driller's
STRATIGRAPHY Log

0-10: SAND and DIRT
10-15: SAND
15-20: SAND and GRAVEL
20-30: SAND
30-35: SAND and COBBLE
35-40: SAND, GRAVEL and COBBLE
40-50: SAND
50-65: SAND and SILT
65-70: SAND and GRAVEL
70-109: SAND and SILT
109-110:
110-115:
115-120:
120-130;
130-135:
134-140:
140-150:
150-160:
160-175:
175-230:
230-280:
280-285:
285-305:
305-310:
310-315:
315-385:
385-390:
390-410:

GRAVEL
GRAVEL, CLAY and ROCK
SAND and ROCK
SAND, GRAVEL and CALICHE
SAND

I

-

M'
.e. g

COBBLE, GRAVEL and SAND
SAND
COBBLE, GRAVEL and SAND
SAND and COBBLE
SAND, GRAVEL and COBBLE
COBBLE, CLAY, GRAVEL and SAND
SAND, GRAVEL and COBBLE
SAND
COBBLE, CLAY and GRAVEL
BOULDERS, CLAY and GRAVEL
SAND, GRAVEL, CLAY and COBBLE
SAND and GRAVEL
COBBLES, CLAY, GRAVEL and SAND

DRILLER'S NOTES:
Attempted to pull 8 in casing,
parted and left 125 ft (?) in hole.
Cut 6 in casing at 301 ft and swaged.

REMEDIATION:
Mar87, by Garcia;
Perforated 8 in casing 0-175 ft,
2 cuts/ft/rd. Bad odor while
perforating, went on mask.
Set 6 in casing to 178 ft on packer.
Grouted annulus between 6 and 8 in
casing and poured pad.

-~ 'U

I I
Ii\

i\

-1

<----------:

V

W. .--- :

2?

'~...<--------

up6|
N------

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

[ 661.50 ft I

[ ND I

( 0-10 ft I

Type of surface seal: Grout outside
10 in casing, 12 in pulled.

10 in casing 0-164 ft

8 in casing 0-307? ft.

6 in casing 301-410 ft and 0-178 ft

Type of riser pipes:
All carbon steel

Diameter of borehole, 0-164 ft: [ 11 in nom I

Type of filler:
Cement grout 0-178 ft
342 gals

Diameter of borehole, 164-307 ft E 9 in nom I

S //-------- 8 in casing perforated:
175-300 and 0-175 ft

< ---------- Depth top of perforations:
I I 6 in casing

S I--------- Diameter of borehole, 306-410

I I
*I I
I I

<--------- Idepth bottom of perforations:
- --- ---------- Depth bottom 6 in casing:

<------- Depth bottom of borehole:

[ 307 ft ]

ft [ 7 in nom

[ 408 ft I
t 410 ft I
[ 410 ft I

Drawing By: RKL/2#W15#06.ASB

Reference:
Golder 8831752\14535

Date: 11Dec90

C1-5



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard toot (nom) NUMBER: 299-W15-8 WELL NO: 299-W15-83
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 39,740 E/W W 75,910
Driller's WA State State
Name: Row/Jahnke; Bigham Lic Nr: Not documented Coordinates: N 444,847 E 2.219,313
DriLLing Company Start
Company: Not documented Location:Not documented Card #:Not documented T_ R_ S
Date Date Elevation
Started: 040ct54, 28Oct66 Complete: 06Oct54: 23Nov66 Ground surface (ft): Not documented

Depth to water: 195 ft Nov66
(Ground surface)

GENERALIZED Driller's
STRATIGRAPHY Log

0-25: No log
25-55: GRAVEL and SAND
55-60: GRAVEL, SAND and SILT
60-65: SAND and SILT
65-106: Sandy SILT

A Oct54
Y Nov66

106-113: SAND & SILT
113-120: SAND, SILT, GRAVEL & CALICHE
120-135: COBBLES
135-152: COBBLES & GRAVEL
152-155: GRAVEL, SILT & BOULDERS
155-185: BOULDERS & COBBLES
185-205: COBBLES & GRAVEL

REMEDIATION:
Mar87, by Garcia:
Perforated 6 in casing 1-15 and
112-175 ft, about 2 cuts/rd/ft.
Set 4 casing to 178 ft and grouted
4 and 6 in casing annuLus.

---------- : Eleva
(top'
Heigh
groun

v
Fni Depth

Type
22' c'rou

--2 ---- 8 in
<-------- 6 in

--------- 4 in

Typed
AlL

- ------ Type
Cem

------- Depth

;= -------- Depth

/< ---------- 4 in

:--------| No doc
175-2

--- Depth
^ ---- Depth

tion of reference point:
of casing)
t of reference point above
surface

of surface seat

[ 667.79 ft I

r ND ]

[ 15 ft I

of surface seat: Partial,
between 4, 6 and 8 in casing.

casing 0-106.5 ft

casing 0-206 ft

casing 0-178 ft

of riser pipes:
carbon steel

of filler:
ant arout 0-178 ft

ter of borehole 0-107 ft

top of perforations: 1 1

bottom of perforations: [ 1

casing to 178 ft set on packer

umentation of perforation,
05 ft.

bottom 6 in casing:
bottom of borehole:

in nom 1

12 ft

75 ft I

C 205 ft I
C 2051t f

[ 9

Drawing By: RKL/2#W15#O8.ASB

Reference:
Golder 8831752\14534

Date: 27Nov90

C1-6
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard toot (nomf) NUMBER: 299-W15-9 WELL NO: 299-W15-94
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 39,930 E/W W 75,890
Driller's WA State State
Name: Osborn/Bigham Lic Nr: Not documented Coordinates: N 445,037 E 2,219,333
Drilling Company Start
Company: Not documented Location:Not documented Card #:Not documented T_ R____ S
Date Date Elevation
Started: 22Jan59: 23Nov66 Complete: 26Jan59- 14Dec66 Ground surface (ft): Not documented

Depth to water: 184 ft Dec66
(Ground surface)_

GENERALIZED DrilLer's
STRATIGRAPHY Log

0-20: SAND & SILT
20-33: SAND
33-38: SAND, GRAVEL & COBBLE
38-42: SAND & GRAVEL
42-50: SAND
50-62: SAND & SILT
62-74: SAND, SILT & COBBLE
74-100: SAND & SILT

1959
' 1966

100-107: SAND
107-112: SILTY CLAY
112-125: GRAVEL, SANO & SILT
125-135: SILT, SAND & COBBLE
135-140: SAND, CLAY & GRAVEL
140-150: GRAVEL, SAND & SILT
150-160: COBBLE, SAND & SILT
160-170: GRAVEL, SAND & SILT
170-175: SAND, SILT, GRAVEL & CLAY
175-180: SAND
180-182: SAND, GRAVEL & SILT
182-192: COBBLES & BOULDERS
192-194: BOULDERS, SAND & SILT

DRILLER'S NOTE:
Seated 6 and 8 in casing.
perforation documented.

REMEDIATION:
Feb87, by Garcia;
Perforated 0-15 ft 2 cuts/rd/ft,
4 cuts at 20 ft and perforated
115-170 and 186-189 ft, 2 cuts/rd/ft.
Set 4 in casing to 180 ft and grouted.

I

-------- : Elevation of reference point:
(top of casing)

.--- : Height of reference point above
- ground surface

Depth of surface seat
V

A

s ---

--------

- -------

-1

'I

1 662.30 ft I

r ND I

END ]

Type of surface seat: NO

12 in casing to 10 ft (may be putted?)

8 in casing 0-100 ft

6 in casing 0-194 ft

4 in casing 0-180 ft

Type of riser pipes:
AlL carbon steel

Diameter of borehole, 10-100 ft r 9 in nom

Type of fitter:
Cement grout 0-180 ft
300 gals

Diameter of borehole, 100-194 ft [ 7 in nom I

Perforated 115-170 ft, 2 cuts/rd/ft

4 in casing set to 180 on packer

Perforations not documented
170-186 ft

Perforated 186-189 ft, 2 cuts/rd/ft

Depth bottom 6 in casing:
Depth bottom of borehole:

[ 194 ft
E 194 ft 

Drawing By: RKL/2#W 5#09.ASB

Reference:
Golder 8831752\14533

Date: 27Nov90

C1-7
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable toot Method: Hard tool NUMBER: 299-W15-16 WELL NO: None
Drilling 200 W Water Additives Hanford
Fluid Used: Supply Used: Not documented Coordinates: N/S N 40,269 E/W W 77,387
Driller-s WA State State
Name: D. Ludtke Lic Nr: Not documented Coordinates: N 445,372 E 2,217.835
Drilling Company Start
Company: Onwego Drilling Co Location: Kennewick. WA Card #: Not documented T R S
Date Date Elevation
Started: 29Jul87 Complete: 10Sep87 Ground surface (ft): 682.62 (Brass cap)

Depth to water: 214.5 Sep87
(Ground surface)

GENERALIZED Geologist's
STRATIGRAPHY Log

*4-5: Slightly silty SAND
*9-10: SAND (* = Backhoe samples)
10-15: Sandy GRAVEL
15-20: SAND
20-35: Sandy GRAVEL
35-75: SAND
75-80: Sandy GRAVEL
80-85: Gravelly SAND
85-110: Sandy GRAVEL
110-115: Gravelly SAND
115-120: SAND to sandy GRAVEL

(Lost drilling water zone)
120-135: Sandy GRAVEL
135-140: Sandy clayey GRAVEL
140-145: Slightly gravelly sandy SIL
145-160: Gravelly silty SAND

and CALICHE
160-165: Gravelly silty SAND
165-170: Silty SAND
170-175: Slightly gravely silty SAND
175-180: Silty sandy GRAVEL
180-185: Slightly gravelly SAND
185-200: Silty sandy GRAVEL
200-205: Sandy GRAVEL
205-225: Silty sandy GRAVEL
225-235: Sandy GRAVEL
235-240: Slightly sandy GRAVEL
240-243.5: Sandy GRAVEL

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

1 684.89 ft I

[ 2.27 ft ]

[ 0-2 ft I

Type of surface seal:Pre-mix concrete
4-ft x 4-ft x 6-in surface pad. 4
ei1distant Protective costs.---------------------------:

.-- I:<- - ---- -- - -- -

<- ----

<-- - -- - --- -

< ---------

<----------:

<-------.............

N-

*----------

---------

- <---

I.D. of surface casing:
If present)

I.D. of riser pipe:
Type of riser pipe:
Stainless steel

Diameter of borehole,
0-62.6 ft, 13 in nominal
62.6-154.75 ft, 11 in nominal
154.75-243.5 It, 9 in nominal

Type of filler:
Bentonite slurry

IN

I
T

Telescoping screen, bottom
Depth bottom of screen

Total depth to bottom of borehole:

i Removed 

I 4-in

1 196.5 ft t

E 202 ft 3

[ 208.0 ft I

[ 227.5 ft

[ 237.5 ft 
[ 238.0 ft I

243.5 ft 

0

Drawing By: RKL/2#W15#16.ASB Date: 25Jan91

Reference:

0
Cl-8

Depth top of seal:
Type of seal: Votlcay pellets

Depth top of sand pack:
10-20 mesh silica sand

Depth top of screen:
4-in, 20-slot
stainless steel

Telescoping screen, top
S in stainless steel, 10 slot

-c

I



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample
Method: Cable tool Method: Hard tool (nom)
Drilling Additives
Fluid Used: Water Used: Not documented
Driller's WA State
Name: Row/Gentz Lic Nr: Not documented
Drilling Company
Company: Not documented Location: ND
Date Date
Started: 30Sep54 Complete: 040ct54

Depth to water: Not applicable

GENERALIZED
STRATIGRAPHY

Driller's
Log

0-15: BACKFILL
15-44: GRAVEL
44-80: SAND & SILT
80-100: Sandy SILT

WELL TEMPORARY
NUMBER: 299-W15-82 WELL NO: 2904 #1
Hanford
Coordinates: N/S N 39,860 E/W W 75,810
State
Coordinates: N 444,967 E 2,219,333
Start
Card #:Not documented T____ R____ S
Elevation
Ground surface (ft): Not documented

-------- Elevation of reference point:
(top of casing)

.--- Height of reference point above
: ground surface

Depth of surface seal

Type of surface seat:
None documented

--

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole:

[ 660.09 ft I

END ]

END 

I NO 3

[ 8-in I

I 9-in nom I

[ 101 ft I

C1-9

sO

C

."

f1r'

Drawing By: RKL/2#WI5#82.ASB Date: 28Nov90

Reference:

i



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Hard toot (nom) NUMBER: 299-W15-84 WELL NO: 2904 #3
Drilling Additives Hanford
Fluid Used: Water Used: Not docwmented Coordinates: N/S N 39,860 E/W W 76.000
Driller's WA State State
Name: Row/Jahnke Lic Nr: Not documented Coordinates: N 444,967 E 2,219,223
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T_ R S
Date Date ELevation
Started: 060ct54 Complete: 10Oct54 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-20: Not documented
20-25: Blow SAND, GRAVEL
25-54: GRAVEL
54-110: SAND & SILT

-- - - - - -------' ELevation of reference point:
(top of casing)

. --- Height of reference point above
: ground surface

--- Depth of surface seal

Type of surface seat:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole:

'---

1 669.82 ft I

[ND 

[ ND 3

I ND 

C 8-in 3

[ 9-in nom 3

I Type of filter:
Not documented

Elevation/depth top of seat
Type of seat: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole: [ 110 ft 3

Drawing By: RKL/2#WI5#84.ASB Date: 27ov9

Reference:

C-10
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard toot (nom) NUMBER: 299-W15-85 WELL NO: 2904 #4
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 39,970 E/W W 75,910
Driller's WA State State
Name: Row/Jahnke Lic Nr: Not documented Coordinates: N 445,077 E 2.219,313
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T___ R___ S
Date Date Elevation
Started: 11Oct54 Complete: 12Oct54 Ground surface (it): Not documented

Depth to mater: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-15: Backfill, SAND & SILT
15-20: SAND-SILT-GRAVEL
20-35: GRAVEL-SAND
35-45: Black SAND-fine GRAVEL
45-48: GRAVEL
48-55: SAND-very little SILT
55-90: SAND-some SILT
90-105: Sandy SILT

----------

.C--

----------

< -------

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seal
Type of seat: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole:

[ 664.11 ft I

[ND 

[ ND I

[ ND 3

[ 8-in 3

I 9-in nom I

£ 106 ft 

.1

C,'

Drawing By: RKL/2#WI5#85.ASB Qate: 28Nov90

Reference:

C1-11



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Hard toot (nom) NUMBER: 299-W15-86 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 39,790 E/W W 75,958
Driller's WA State State
Name: Osborn/Bigham Lic Nr: Not documented Coordinates: N 444,897 E 2,219,265
Drilling Company Start
Company: Not documented Location:Not documented Card #:Not documented T_ R_ S
Date Date Elevation
Started: 22Jan59: 23Nov66 Complete: 26Jan59: 14Dec66 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-10: Topsoil-SAND & SILT
10-13: GRAVEL
13-15: SAND-GRAVEL-SILT
15-22: Black SAND-small GRAVEL
22-24: GRAVEL-SAND
24-32: GRAVEL
32-40: Coarse SAND
40-44: GRAVEL
44-47: GRAVEL-some SAND
47-66: SAND-some SILT
66-78: SAND-more SILT
78-112: SAND & 30% SILT
112-122: 75% GRAVEL-15% SAND-

10% SILT-some CALICHE
122-132: 60% GRAVEL-20% SAND-

20% SILT-CONGLOMERATION
132-136: 60% SAND-20% GRAVEL-20% SILT
136-142: Fine SAND

REMEDIATION:
Mar87, by Garcia
Perforated 0-20,
115-135 ft. Set
142 ft. Plugged
cement. Grouted
annulus.

90-105 and
6 in casing to
6 in with 9 gals
6 and 8 in casing

--------- : Elevation of reference point: II I (top of casing)
.-- : Height of reference point above [C
: ground surface
V

Depth of surface seat _

Type of surface seat: ND

- Perforated 0-20, 2 cuts/rd/ft

-------- 8 in casing 0-144 ft

---------- 4 in casing 0-142 ft

Type of riser pipes:
All carbon steel

<------- Diameter of borehole, 0-144 ft I.

Type of filter:
Cement grout 0-142 ft
216 pals

-------- Perforated 90-105 ft, 2 cuts/rd/ft

-------- Perforated 115-135 ft, 2 cuts/rd/ft

- --------- Cement ptug to about 136 ft

-------- Depth bottom 8 in casing:
--------- Depth bottom of borehole: C

660.00 ft

ND ]

9 innOm J

144 ft I
144 ft I

Drawing By: RKL/2#W15#86,ASB

Reference:

Date: 27Nov90

CI-12



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tooL Method: Hard tool (nom) NUMBER: 299-W15-95 WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 39,930 E/W W 75,925
DrilLerls WA State State
Name: Osburn Lic Nr: Not documented Coordinates: N 445,037 E 2,219,298
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T____ R____ S
Date Date Elevation
Started: 19Jan59 Complete: 21Jan59 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-5: SAND & DIRT
5-13: SAND-GRAVEL
13-18: Pea GRAVEL
18-30: SAND-GRAVEL
30-38: SAND-GRAVEL & COBBLE
38-43: SAND
43-80: SAND & SILT
80-91: Sandy SILT
91-100: SAND & SILT

-------- ELevation of reference point:
(top of casing)
Height of reference point above
ground surface

v

Depth of surface seat

Type of surface seal:
None documented

I.D. of surface casing
(If present)

---- I.D. of riser pipe:
Type of riser pipe:
Carbon steel

------- Diameter of borehole:

------ Type of fitter:
Not documented

------ Elevation/depth top of seal

Type of seat: Not documented

No perforations documented:

v-- Depth bottom of casing
------- Depth bottom of borehole:

[ 660.00 ft I

[ ND I

IND ]

t ND I

8-in I

[ 9-in nom I

C 100 ft I

C1-13

0l

A

a-

Drawing By: RKL/2#WIS#95.ASB Date: 28Nov90

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-W15-101 WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 39,890 E/W W 75,860
Driller's WA State State
Name: Bigham Lic Nr: Not documented Coordinates: N 444,997 E 2,219,363
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T_ R_ S
Date Date Elevation
Started: 16Jan67 Complete: Not documented Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-5: Fine SAND-SILT
5-10: Fine SAND-SILT-some small GRAVEL
10-20: Coarse SAND-pea GRAVEL
20-25: Coarse SAND-pea GRAVEL,

little SILT
25 : Nedium SAND & SILT, with

GRAVEL to 3 in.
25-50: Not documented

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

-------- I.D. of riser pipe:
Type of riser pipe:
Carbon steel

<------- Diameter of borehole:

t 660.00 ft 3

[ ND

E ND 

[ ND 

C 8-in I

[ 9-in nom I

Type of filter:
Not documented

Etevation/depth top of seal
Type of seat: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole: [ 50 ft h

C1-14

--- --
.- -

Drawing By: RKL/2W15-1O1.ASB Date: 28Nov90

Reference:

-- - - -
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Drive barrel & WELL TEMPORARY
Method: Cable tool Method: Hard toot NUMBER: 299-W18-6 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 39,212 E/W W 76,706
Driller's WA State State
Name: L. Bach Lic Nr: Not documented Coordinates: N 444,317 E 2,218,519
Drilling Company Start
Company: Bach Drilling Co. Location:Not documented Card #:Not documented T____ R____ S
Date Date Elevation
Started: 26Nov63 Complete: 15Jan64 Ground surface (ft): Not documented

Depth to water: 200 ft Jan64
(Ground surface)

GENERALIZED Driller's
STRATIGRAPHY Log

Coarse GRAVEL
Medium coarse GRAVEL
GRAVEL
Fine SAND, medium GRAVEL
Fine SAND
Moist fine SAND
Moist fine SAND to coarse GRAVEL

95-114: Fine SAND to small BOULDERS
with GRAVEL
Big BOULDERS
SAND, CLAY big BOULDERS
SAND, CLAY
SAND, CLAY, GRAVEL
SAND, GRAVEL
GRAVEL
SAND, GRAVEL, BOULDERS
SAND, GRAVEL
COBBLES, SAND, GRAVEL
COBBLES, SAND
BOULDERS, COBBLES, SAND
SAND, GRAVEL/COBBLES
SAND, pea GRAVEL to COBBLES
SAND, GRAVEL
SAND, CLAY, GRAVEL

REMEDIATION:
May83 by Evans;
Putted piezometer, perforated
and ran 6 in liner. Grouted annulus
0-156 ft with 236 gals cement and
cleaned out to about 210 ft.

<----------. Elevation of reference poir
(top of casing)

.--- : Height of reference point
: ground surface
v

Depth of surface seat

[ Type of surface seal: ND

-------- 8 in casing 0-300 ft

- ---- 6 in casing 0-156 ft

Type o riser pipes:
AlT carbon steel

--------- Type of filter:
Cement grout 0-150 ft

I Perforated 2 cuts/rd/ft
0-85 and 100-150 ft

/<---------- 6 in casing to 156 ft set

<--------| Depth top of perforations:
6 cuts rd/ft, 190-249 ft
4 cuts rd/ft, 250-298 ft

I

-------- | Depth bottom of perforatio

1%ZEJI-------Depth bottom 6 in casing:
--------- Depth bottom of borehole:

t:

bove

[ 678.47 ft

[ND 

( ND

on packer

[ 190 ft 2

s: C 298 ft

E 300 ft 2
[ 300 ft 2

C1-15

0-15: SAND
15-25:
25-32:
32-50:
50-65:
65-70:
70-90:
90-95:

C'4

C's

A

114-116:
116-121:
121-130:
130-148:
148-155:
155-160:
160-172:
172-178:
178-180:
180-185:
185-205:
205-275:
275-277:
277-287:
287-300:

Drawing By: RKL/2#W18#06.ASB Date: 040ec90

Reference:

n



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Drive barrel
Method: Cable tool Method: Hard toot
Drilling Additives
Fluid Used: Water Used: Not documented
Driller's WA State
Name: E. Close Lic Nr: Not documented
Drilling Company
Company: Bach Drilling Co Location:Not documented
Date Date
Started: 27Nov63 Complete: 13Jan64

Depth to water: 204 Dec63
(Ground surface)

GENERALIZED Driller's
STRATIGRAPHY Log

0-15: Fine SAND
15-25: 1/2 in GRAVEL to fine SAND
25-30: Coarse SAND and small GRAVEL
30-60: Small GRAVEL to fine SAND
60-85: Brown SAND
85-90: Brown SAND, some CLAY
90-95: Brown SAND with GRAVEL
95-105: 1/4-1/2 GRAVEL to fine SAND
105-115: GRAVEL
115-124: Large GRAVEL to fine SAND
124-133: CLAY with brown SAND
133-160; CLAY, SAND and GRAVEL
160-220: GRAVEL and brown SAND
220-225: COBBLE STONES to fine brown

SAND
225-245: Heavy GRAVEL to fine brown SAND
245-250: GRAVEL and fine SAND
250-255: GRAVEL and fine SAND

and BOULDERS
255-265: GRAVEL to fine SAND
265-295: GRAVEL and SAND
295-300: GRAVEL and SAND, a Little CLAY

REMEDIATION:
Mar72 by Bigham;
Cleaned well, had 100 ft of fill.
Set screen to 216 ft and developed
May83 by David;
Perforated well, noticed bad odor
from well. Set packer to 157 ft
and grouted annulus with 236 gals
of cement.

WELL TEMPORARY
NUMBER: 299-W18-7 WELL NO:
Hanford
Coordinates: N/S N 39,204 E/W W 76,491
State
Coordinates: N 444.309 E 2,218,734
Start
Card #:Not documented T R S
Elevation
Ground surface (ft). Not documented

< ---------- :-

2

.--- :

<---------

/<- -----

<----------

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

E 678.99 ft 2

[ ND 2

[ NO

Type of surface seal: ND

8 in casing +3-300 ft

6 in casing +3-157 ft

Type of riser pipes:
All carbon steel

Type of fitter:
Cement grout 0-157 ft

6 in casing set to 157 ft on packer
Perforated 0-4-, 55-85 and 100-150 ft
2 cuts/rd/ft

Depth to top of perforations: r 190 ft 1
I |I6 cuts/rd/ft,

190-250, 270-298 ft

-Screen 196-216 ft, blank 186
I j#15 screen, plate on bottom

top split and belted out

--------- Depth bottom of perforations:

-' Depth bottom 6 in casing:
^- ------ Depth bottom of borehole:

-196 ft

E 298 ft

t 300 ft
E 300 ft 2

.C1-16

Drawing By: RKL/2#WI.8#07.ASB Date: 04Dec90

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-W18-9 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 38,852 E/W W 78,846
Driller's WA State State
Name: Bigham Lic Nr: Not documented Coordinates: N 443,956 E 2,218,380
Drilling Company Start
Company: Not documented Location:Not documented Card #:Not documented T_ R_ S
Date Date Elevation
Started: 19Nov68 Complete: 13Dec68 Ground surface (ft): Not documented

Depth to water: 194 ft Dec68

GENERALIZED Driller's
STRATIGRAPHY Log

0-35: Coarse SAND
35-45: SAND & GRAVEL
45-60: SAND, GRAVEL & COBBLES
60-110: SAND & SILT
110-115:
115-135:
135-140:
140-150:
150-153:
153-158:
158-165:
165-175:
175-185:
185-195:
195-220:

SAND & GRAVEL
SAND, GRAVEL & COBBLES
SILT
CLAY
SAND & GRAVEL
SILT
GRAVEL & COBBLES
SILT, GRAVEL, Basalt BOULDERS
SAND, GRAVEL & BOULDERS
SAND, GRAVEL & COBBLES
SAND & GRAVEL

REMEDIATION:
Feb 72, by Evans;
Set 30 ft of 5 in #10 screen and
5 ft of 5 in pipe. Placed wood
plug at 217 ft. 5 ft pipe
placement not documented. Assumed
on bottom.

----

< --------

-------
<-----

SI|I I ,

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

[ 682.47 ft I

[ ND ]

Depth of surface seal EAC
Type of surface seal:None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole:

Type of filter:
Not documented

Elevation/depth top of seat
Type of seat: Not documented

Depth top of perforations:
Description of perforations:

180-189 ft, 4 cuts/rd/ft
190-200 ft. 4 cuts/rd/ft
200-218 ft. 2 cuts/rd/ft

5 in screen, #10 - 182-212 ft
5 ft tail pipe 212-217 ft
Wood plug at 217 ft
Depth bottom of perforations:

Depth bottom of casing
Depth bottom of borehole:

[ ND ]

[ 6-in

r 7-in nom .

[ 180 ft

S218 ft 

[ 220 ft I

Drawing By: RKL/2#W18#09.ASB

Reference:
Golder 8831752\14554

Date: 27Nov90

Cl-17
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-W18-10 WELL NO:.
Dritting Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 38,847 E/W W 76,803
Driller's WA State State
Name: Hatch Lic Nr: Not documented Coordinates: N 443.952 E 2,218,422
Drilling Company Start
Company: Hatch Drilling Co. Location: Pasco. WA Card #:Not documented T_ R_ S
Date Date Elevation
Started: 21Nov68 Complete: 11Dec68 Ground surface Cft): Not documented

Depth to water: 194 ft Dec68

GENERALIZED Driller's
STRATIGRAPHY Log

0-35: SAND
35-55: SAND & GRAVEL
55-60: SAND, SILT & GRAVEL
60-100: SAND & SILT

SAND, SILT, GRAVEL & CALICHE
SAND, SILT & GRAVEL
SAND & GRAVEL
SAND, SILT & GRAVEL
SAND & CLAY
SAND, CLAY & GRAVEL
SAND & GRAVEL
SAND
SAND & GRAVEL
SAND

------------------------------I

<-------I

<--------I

<--------

--------
I I

I I

I I
-----------------

v--I

Elevation of reference point:
(top of casing)
Height of reference point above

: ground surface
-

Depth of surface seat

[ 682.63 ft

[ ND

[ ND .

Type of surface seal:None documented

I.D. of surface casing
(If present)

--------- I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seat
Type of seaL: Not documented

Depth top of perforations:
Description of perforations:

180-218 ft. 4 cuts/rd/ft

Depth bottom of perforations:

Depth bottom of casing
Depth bottom of borehole:

I ND I

I 6-in I

I 7-in nom 3

t 180 ft I

( 218 ft I

1 220 ft

Cl-18

100-105:
105-110:
110-125:
125-135:
135-160:
160-175:
175-200:
200-205:
205-210:
210-220:

Drawing By: RKL/2#Wl8#10.ASB Date: 27Nov90

Reference:
Golder 8831752\14553
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION ND COMPLETION SUMMARY

Drilling Sample Drive barrel & WELL TEMPORARY
Method: Cable tool Method: Hard toot (nom) NUMBER: 299-W18-11 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 38,735 E/W W 76,955
Driller's WA State State
Name: Bigham Lic Nr: Not documented Coordinates: N 443,839 E 2,218,271
Drilling Company Start
Company: Hatch Drilling Co. Location: Pasco. WA Card #:Not documented T__ R__ S
Date Date Elevation
Started: 17Dec68 Complete: 04Jan69 Ground surface (ft): Not documented

Depth to water: 194 ft Jan69

GENERALIZED Driller's
STRATIGRAPHY Log

0-35: SAND, small GRAVEL
35-40: SAND, large GRAVEL
40-55: SAND, GRAVEL
55-57: SAND
57-85: 30% SAND & 70% SILT
85-110: SAND & SILT
110-115:
115-135:
135-140:
140-150:
150-155:
155-160:
160-165:
165-170:
170-180:
180-195:
195-220:

SAND & GRAVEL
SAND, GRAVEL, COBBLES
SILT
Brown CLAY
SAND & GRAVEL
SILT
GRAVEL & COBBLES
SILT, GRAVEL, COBBLES
SAND, GRAVEL, BOULDERS
SAND, GRAVEL, COBBLES
SAND, GRAVEL

REMEDIATION:
Aug70, by Hatch
Cleaned well and installed
screen

+---- Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

I.D. of surface casing
(If present)

-------- I I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole:---- -

---- -

I---

U --------- |

* El

___________________ - -- -

Type of fitter:
Not documented

Elevation/depth top of seat
Type of seat: Not documented

Depth top of perforations:
Description of perforations:
180-200 ft. 4 cuts/ft
200-218 ft, 2 cuts/ft

Type of surface seal:
None documented

[ 683.00 ft

[ND 

END 

C NO I

[ 6-in 3

r 7-in nom )

[ 180 ft

Screen 190-220 ft;
1 ft blank with plug on bottom
10 ft blank on top with lead packer

Depth bottom of perforations:

Depth bottom of casing:
Depth bottom of borehole:

1 218 ft 3

[ 220 ft I
E 220 ft

Drawing By: RKL/2#W418#11.ASB Date: 08Mar91

Reference:

CI-19
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Hard toot (nom) NUMBER: 299-W18-12 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 38,850 E/W W 76,955
Driller's WA State State
Name: Lic Nr: Not documented Coordinates: N 443,954 E 2,218.270
Drilling Company Start
Company: Location: Card #:Not documented T____ R_ S
Date Date Elevation
Started: Complete: Ground surface (ft): Not documented

Depth to water: 203 ft Mar72

GENERALIZED Driller's
STRATIGRAPHY Log

0-220 ft: Not documented

REMEDIATION:
Mar72 by Bigham;
Cleaned well and installed screen.

.---

Elevation of reference point: 1 683.00 ft
(top of casing)
Height of reference point above [ ND
ground surface

Depth of surface seal C ND

Type of surface seal:None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:

Carbon steel

<------- Diameter of borehole:

------ Type of filler:
Not documented

-------- Etevation/depth top of seal
Type of seal: Not documented

Depth top of perforations:
S ------ Description of perforations:

-- Screen 194-214 ft, capped bot
#10 Johnson stainless steel
Blank 189-194 ft

-------- Depth bottom of perforations:

-- Depth bottom of casing
---- Depth bottom of borehole:

I ND 

I 6-in

I 7-in nom I

[ 190 ft I

tom

218 ft J

[ 220 ft

C1-20

Drawing By: RKL/2#W18#12.ASB Date: 04Dec90

Reference:

--------



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-W18-17 WELL NO: Not documented
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 39,256 E/W W 76,091
Driller's WA State State
Name: Not documented Lic Nr: Not documented Coordinates: N 444,362 E 2,219,133
Drilling Company Start
Company: Not documented Location:Not documented Card #:Not documented T___ R__ S
Date Date ELevation
Started: 25Jun81 Complete: 15Sep81 Ground surface (ft): Not documented

Depth to water: 205 ft Sep81
(Ground surface)

GENERALIZED Driller's
STRATIGRAPHY Log

0-246: No record
246-265: SAND with some PEBBLES,

COBBLES and SILT

"V

<--------

<-------|

<--------|

<--------

<--------K 5

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Not
C Surveyed I

C 2.5 ft

1 20.0 ft I

Type of surface seal: Cement
2 ft round rna_ arut to 20 ft

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole:

[ ND

E 8-in

[ 9-in nom

Type of filler:
Not doctmnnted

Elevation/depth top of seal
Type of seat: Not documented

Depth top of perforations:
Description of perforations:

2 cuts/rd/ft

Depth bottom of perforations:

Cement plug to 262.0 ft
Depth bottom of casing:
Depth bottom of borehole:

1 220.0 ft I

[ 250.0 ft I

E 265.0 ft I
[ 265.0 ft

Drawing By: RKL/2#W18#17.ASB Date: 28Jan91

Reference:

CI-21
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Golder 8831752\14549



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Hard tool (nom) NUMBER: 299-WI8-18 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 38,903 E/W W 76,270
Driller's WA State State
Name: John G Lic Nr: Not documented Coordinates: N 444.009 E 2.218.955
Drilling Company Start
Company: Not documented Location:Not documneted Card #:Not documented T_ R__ S _
Date Date Elevation
Started: 04Auq81 Compete:_j1qgpg1 Ground surface (ft): Not documented

Depth to water: 205 ft Auq81
187 ft Oct84

GENERALIZED Driller's
STRATIGRAPHY Log

0-17: SAND & GRAVEL
17-45: Loose GRAVEL (Gray)
45-48: SAND layer
48-55: GRAVEL consolidated (brown)
55-72: BOULDERS & GRAVEL
72-135: SAND
135-140: Brown CLAY
140-146: White CLAY
146-162: Ringold
162-165: SAND layer (Heaving SAND)
165-170: SAND & GRAVEL (Heaving SAND)
170-185: Ringold
185-190: SAND - GRAVEL mix
190-205: Ringold
205-210: Ringold & SAND layer
210-215: Ringold SAND mix
215-218: SAND (Water heaving SAND)
218-220: SAND - small GRAVEL (Heaving)
220-225: 1/2 in minus GRAVEL
DRILLER'S NOTE: Fine sand starts at
at 205, coarse enough to perforate
at 215.

225-245: SAND small grain (screenable)
DRILLER'S NOTE: Large enough to
perforate in, small slots

245-255: SAND
255-265: COBBLES & GRAVEL

REMEDIATION:
Feb84, L. Bultena
Perforated 185-210 ft.
Lost bailer, covered with sand.
Set screen 183-204 ft.

v

<--------

<-------

<--------I

*0 .- N
< --------

N 5

- -- ----------

< -

Fill

--- --- - -

:28Jan911

-------- 1Elevation of reference point:
(top of casing)

.--- Height of reference point above
: ground surface

Depth of surface seal

[ND 

[ND 

[ 20 ft I

Type of surface seal: Portland #2
cement to 20 ft

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

Depth top of perforations:
Description of perforations:
185-210 ft, 4 cuts/rd/ft
215-225 ft, 2 cuts/rd/ft

[12 in Pulledl

I 8-in

[ 9-in nom I1

[ 185 ft 

Screen 183-204
#10 slot

Depth bottom of perforations

Lost bailer, 245-260 ft

Cement plug at bottom
Depth bottom of borehole:
Depth bottom of casing

[ 225 ft I

C 265 ft I

CI-22

FF-1

Drawing By: RKL/2#W18#18.ASB Date

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-W18-19 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 38,503 E/W W 76,403
Driller's WA State State
Name: J. Buttena Lic Nr: Not documented Coordinates: N 443,609 E 2,218,823
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T___, R___ S
Date Date Elevation
Started: 25May82 Complete: 28Jun82 Ground surface (ft): Not documented

Depth to water: ND Jun82
189 ft Feb84

GENERALIZED Driller's
STRATIGRAPHY Log

0-15: TOP SOIL & some black SAND
15-25: Black SAND, SILT & GRAVEL
25-45: SAND & GRAVEL
45-70: SAND & SILT
70-75: Some black SAND & sandy SILT
75-85: Some fine SAND mixed

with black SAND
85-90: More black SAND
90-95: Black SAND coming in with water
95-105: Black SAND with some

small GRAVEL
105-110: Brown silty CLAY
110-115: Brown CLAY

(no water coming in)
115-125: Heaving SAND &

some small GRAVEL
125-130: Cemented spots of

smallt GRAVEL & SAND
130-145: Cemented SAND & GRAVEL
145-160: COBBLES in RIngold
160-170: Ringold, tam, very hard
170-180: COBBLES cemented in Ringold

(very hard to drill)
180-188: COBBLES & GRAVEL
188-200: COBBLE, SAND & GRAVEL
200-205: Cemented GRAVEL
205-215: Heaving SAND
215-220: Some SILT with heaving SAND
220-225: More consolidated SILT &

some GRAVEL (darker brown)
225-230: Unconsolidated Ringold
230-240: SAND & GRAVEL

(cemented in spots)
240-250: Cemented SAND, SILT & GRAVEL

Is

REMEDIATION:
Feb84, L. Buitena
Perforated 185-195 ft
Set screen and bailed well

-I< --------

V

----
< --------

<-- -- --- 

<
<-------

<----------

a e

L--

Fill-

Drawing By: RKL/2#W18#19.ASB Date: 28Jan91

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

[ ND 3

E ND I

1 20 ft I

Type of surface seal: Portland #2
cement to 20 ft

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole; 0-178 ft

Type of filter:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

Depth top of perforations:
Description of perforations:
I8S-195 ft. 4 cuts/rd/2 rds ft

[10 in pulled]

[ 6 & 8-in ]

I 9-in nom

[ 185 ft 

220-250 ft, 4 cuts/rd/ft

6-in telescoping screen 175-205 ft
# 10 slot with packer and 5 ft
extension with plate on bottom

Diameter of borehole; 178-250 ft [ 7-in nom I

Depth bottom of perforations
Depth bottom of borehole:
Depth bottom of 6-in casing

[ 250 ft

Reference:

CI-23

Cs

0'

.



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard toot (nom) NUMBER: 299-W18-20 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 38,103 E/W W 76,477
Driller's WA State State
Name: J. Buttena Lic Nr: Not documented Coordinates: N 443,209 E 2.218,750
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T R S
Date Date Elevation
Started: 25May82 Complete: 28Jun82 Ground surface (ft): Not documented

Depth to water: ND Jun82
189 ft Feb84

GENERALIZED Driller's
STRATIGRAPHY Log

5-10: TOP SOIL & black SAND
10-25: Black SAND, & GRAVEL
25-40: SAND & GRAVEL
40-45: SAND, GRAVEL & some SILT
45-50: SAND, SILT & some small GRAVEL
50-60: SAND & SILT (tan)
60-65: SAND, SILT some GRAVEL (tan)
65-75: SILT & GRAVEL (tan & gray)
75-80: More GRAVEL, SAND & SILT
80-85: Cemented GRAVEL & SILT
85-90: Cemented BOULDERS
90-95: Cemented COBBLES & SILT
95-110: SILT & some small GRAVEL
110-125: SILT, SAND & some small GRAVEL
125-135: SILT & SAND
135-140: Cemented GRAVEL & fine SAND
140-160: Ringold
160-165: Ringold & COBBLES
165-175: Ringold & COBBLES & BOULDERS
175-190: Hard RInmgold & BOULDERS
190-200: Ringold & large COBBLES
200-210: Ringold cemented COBBLES

& GRAVEL
210-220: Ringold & COBBLES
220-225: Hard RIngold
225-235: Ringold (tan) SAND &

small GRAVEL in spots
235-245: RingoLd (tan & gray)

SAND in spots
245-250: Ringold (tan)

making SAND in spots

v

<--
--

<- ----

< ----

<- ----

<- ----

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
Cement to 20 ft

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole; 0-250 ft

Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

Depth top of perforations:
--- Description of perforations:

220-249 ft, 4 cuts/rd/ft

-------- Depth bottom of perforations
- ------ Depth bottom of borehole:

Depth bottom of 8-in casing

[ ND I

I ND I

( 20 ft I

[10 in pulled]

E 8-in

[ 9-in nom

t 220 ft

[ 249 ft

[ 250 ft I

Drawing By: RKL/2#W18#20.ASB

Reference:

Date: 28Jan91

v ----
Si
I.

C1-24



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable toot Method: Hard toot NUMBER: 299-W18-24 WELL NO: Not documented
Drilling 200 W Water Additives Hanford
Fluid Used: Supply Used: Not documented Coordinates: N/S N 38,998 E/W W 77,180
Dritler's WA State State
Name: R. Vance Lic Nr: Not documented Coordinates: N 444,102 E 2,218,045
Drilling Company Start
Company: Onwego Drilling Co Location: Kennewick, WA Card #: Not documented T__ R__ S
Date Date Elevation
Started: 21May87 Complete: 10Aug87 Ground surface (ft): 682.18 (Brass cap)

Depth to water: 213 ft Aug87
(Ground surface)

GENERALIZED Geologist's
STRATIGRAPHY Log

0-17: Slightly silty SAND
17-20: Slightly gravelly
20-38: SAND
38-45: Gravelly SAND
45-50: Slightly gravelly
50-55: SLightly silty, sL

gravelly SAND
55-65: slightly silty, gr
65-80: SAND
80-85: Slightly silty, gr
85-90: Slightly silty SAN

SAND

SAND
ightly

avelly

ave L
D

ly

90-112: Silty SAND
112-120: Sandy GRAVEL
120-125: GRAVEL
125-135: Sandy GRAVEL
135-150: Silty SAND
150-160: Sandy GRAVEL
160-170: SAND
170-175: Sandy GRAVEL
175-190: Slightly silty, sandy
190-195: Sandy GRAVEL
195-205: Silty sandy GRAVEL
205-210: Sandy GRAVEL
210-215: Gravelly silty SAND
215-220: Slightly sandy GRAVEL
220-240: Sandy GRAVEL

A-- <-----------:

SV
Z: e

SAND
<----- - - -

SAND N

GRAVEL <

----------
--|

---
< - - - --U

* =U - -- - |

= ===<---------1

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:Portland cement
4-ft x 4-ft x 6-in surface pad. 4
eauidistant protective costs.
I.D. of surface casing:
(If present)

I.D. of riser pipe:
Type of riser pipe:
Stainless steel

Diameter of borehole,
0-10.5 It, 17 in nominal
10.5-70.2 ft, 13 in nominal
70.2-153.2 It, 11 in nominal
153.2-240 ft, 9 in nominal

Type of filler:
Votclay grout

Depth top of seal:
Type of seal: Volclay pellets

Depth top of sand pack:
20-30 mesh silica sand

Depth top of screen:
4-in, 20-slot
stainless steel
Depth bottom of screen:

Depth bottom of plugged blank
section:
Depth top of telescoping screen

8-in stainless steel
10 slot

Depth bottom telescoping screen
Total depth to bottom of borehole:

E 684.35 ft

S2.2ft 

C 0-5 ft

E Removed

[ 4-in

1 191 ft I

[ 198 ft

[ 205.5 ft

1 235.5 ft

[ NA I

C 230 ft

C 240ft 
C 240 ft I

C1-25

(N

Drawing By: RKL/2#W18#24.ASB Date: 04Dec90

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-W18-65 WELL NO: 234-5-6
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 39,373 E/W W 76,589
Driller's WA State State
Name: Rodda Lic Nr: Not documented Coordinates: N 444.478 E 2,218,635
Drilling Company Start
Company: Not documented Location:Not documented Card #:Not documented T_ R_ S
Date Date Elevation
started: 28Mar49 Complete: Anr49 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-15: SAND & SILT
15-50: SAND, GRAVEL & SILT

(BackfiLl to 17 ft)
50-85: SAND & SILT
85-115: SAND, GRAVEL & SILT
115-125: SAND, CLAY & SILT
125-135: SILT, CLAY & SAND
135-145: CALICHE, SAND & GRAVEL
145-147: SAND, GRAVEL & CALICHE
147-150: Coarse SAND, GRAVEL & SILT

V

---------

.< ---

g:

<i~-----
--------- ___ <

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal: ND

8 in casing 0-150 ft

4 in casing 0-140 ft

Type of riser pipes:
ALL carbon steel

Diameter of borehole, 0-150 ft

Type of filler:
Bentonite and cement
grout 0-140 ft between
4 and 8 in casing

Fill to about 140 ft

Depth bottom 8 in casing:
Depth bottom of borehole:

[ 676.94 ft

[ ND

[NO 

[ 9 in nom I

[ 150 ft
C 150 ft I

Drawing By: RKL/2#fW18#65.ASB

Reference:

Date: 05Dec90

C1-26



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard toot (noa) NUMBER: 299-W18-67 WELL NO: 234-12
Drilling Additives Hanford
Fluid Used: Not documented Used; Not documented Coordinates: N/S N 39.399 E/W W 76,534
Driller's WA State State
Name: Not documented Lic Nr: Not documented Coordinates: N 444,504 E 2,219,690
Drilling Company Start
Company: Not documented Location:Not documented Card #:Not documented T__ R____ S
Date Date Elevation
Started: Not documented Complete: Sep49 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-47: Not documented

------------------------<-------------------

.--

------------

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole:

t 668.00 ft I

[ ND I

END 

E ND 3

C 8-in I

[ 9-in nom I

C 47ft f

Cr

-

0%'

Drawing By: RKL/2#W18-67.ASB Date: 05Dec90

Reference:

C1-27
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-W18-68 WELL NO: 234-13
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 39,371 E/W W 76,506
Driller's WA State State
Name: Not documented Lic Nr: Not documented Coordinates: N 444,476 E 2,219,718
Drilling Company Start
Company: Not documented Location:Not documented Card #:Not documented T R S
Date Date Elevation
Started: Not documented Complete: Sep49 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-46: Not documented

--- ------

.-------------------------

--

< -------

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole:

[ 668.00 ft 3

IND 

[ND 

I ND 2

[ 8-in I

[ 9-in nom j

E 46ft 

Drawing By: RKL/2#W18-68.ASB Date: 05Dec90

Reference: I

C1-28
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Drive barrel NUMBER: 299-W18-76 WELL NO: 299-W18-56A
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 39,318 E/W W 76,610
Driller's WA State State
Name: Not documented Lic Nr: Not documented Coordinates: N 444,423 E 2,218,614
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco WA Card #:Not documented T_ R_ S
Date Date Elevation
Started: 27Mar67 Complete: 28Mar67 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-9: Fine SAND, dry
9-11: Large GRAVEL & fine SAND, dry
11-11.5: Large GRAVEL & SAND,

light moisture
11.5-12: Large GRAVEL & coarse SAND,

dry
12-19.5: Coarse SAND, dry
19.5 : SAND wet

DRILLER'S NOTES:
Contamination encountered:
4 & 7 ft = contaminated from

barrel
B-18 ft = <500 dp/m
19.5 ft = 40,000 dp/m

-------- Elevation of reference point:
(top of casing)

.-- Height of reference point above
: ground surface

v
Depth of surface seat

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

[ 669.00 ft I

E ND I

END ]

[ ND I

[ 6-in I

E 7-in nom I

Type of filler:
Not documented

No perforations documented:

6 in casing to 18.5 ft

Depth bottom of borehole: [ 19.5 ft I

C1-29

-)

-I

Drawing By: RKL/2#W18-76.ASB Date: 11Dec90

Reference:

-- -- -.
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample
Method: Cable tool Method: Drive barrel
Drilling Additives
Fluid Used: Not documented Used: Not documented
Driller's WA State
Name: Not documented Lic Nr: Not documented
Drilling Company
Company: Hatch Drilling Co Location: Pasco, WA
Date Date
Started: 28Mar67 Complete: 30Mar67

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

6-7: Fine SAND & some GRAVEL
Light moisture

7-10: Large GRAVEL, fine SAND
light moisture

10-17.5: Coarse SAND & GRAVEL, dry
17.5-20: Coarse SAND, light moisture
20-25: Coarse SAND, dry
25 : Coarse SAND, very light

moisture

DRILLER'S NOTES:
Contamination encountered:
None, 6-25 ft = <500 dp/m

WELL TEMPORARY
NUMBER: 299-W18-77 WELL NO: 299-W18-563
Hanford
Coordinates: N/S N 39,273 E/W W 76,608
State
Coordinates: N 444,378 E 2,218,616
Start
Card #:Not documented T_ R S
Elevation
Ground surface (ft): Not documented

-------- Elevation of reference point:

Height of reference point above
:i ground surface
v

I Depth of surface seat

Type of surface seal:
None documented

I.D. of surface casing
(If present)

------- |

<--------

<--------|

--- 
- - I

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

No perforations documented:

6 in casing to 23 ft

Depth bottom of borehole:

£ 669.00 ft I

END 

END 

[ ND 

t 6-in I

[ 7-in nom :

C 25 ft I

Drawing By: RKL/2#W18-77.ASB Date: 11Dec90

Reference:

0
C1-30



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Drive barrel NUMBER: 299-W18-78 WELL NO: 299-WI8-57A
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 39,308 E/W W 76,600
Driller's WA State State
Name: Not documented Lic Nr: Not documented Coordinates: N 444.413 E 2,218,624
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T R S
Date Date Elevation
Started: 30Mar67 Complete: 30Mar67 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

4-12: Fine SAND, some large GRAVEL
light moisture

12-14: Large GRAVEL, dry
14-17: Coarse SAND,

light moisture

DRILLER'S NOTES:
Contamination encountered:
17 ft = 40,000 dp/m

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

No perforations documented:

6 in casing to 15 ft

< <--------
.--- I

v

--

<--------

<--------

-- -- --

---- --

[ 669.00 ft I

[ ND 3

I ND I

[ ND

I 6-in I

[ 7-in nom 3

17 ft I

Drawing By: RKL/2#Wl-78.ASB

Reference:

Date: 11Dec90

C

A

Depth bottom of borehole:

C1-31



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Drive barrel NUMBER: 299-W18-79 WELL NO: 299-W18-578
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 39,274 E/W W 76,594
Driller's WA State State
Name: Not documented Lic Nr: Not documented Coordinates: N 444,379 E 2,218,630
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco. WA Card #:Not documented T R_ S
Date Date Elevation
Started: 30Mar67 Complete: 30Mar67 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

4-7: Fine SAND, light moisture
7-9: Fine SAND, Large GRAVEL, tight

moisture
9-10: Fine SAND, Large GRAVEL, dry
10-17: Coarse SAND, dry
17-21: Coarse SAND, Light moisture
21-23: Fine SAND, light moisture

DRILLER'S NOTES:
Contamination encountered:
4-21 ft = <500 dp/m
23 ft = >30,000 dp/m

v1- ---
Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

-------- 1 I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

C 669.00 ft I

[ND 

r ND 3

[ ND 

6-in I

7-in nom _

Type of filler:
Not documented

No perforations documented:

6 in casing to 21 ft

Depth bottom of borehole: C 23 ft I

Drawing By: RKL/2#W18-79.ASB Date: 11Dec90

Reference:

C1-32
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Drive barrel NUMBER: 299-W18-80 WELL NO: 299-W18-57C
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 39,246 E/W W 76,596
Driller's WA State State
Name: Not documented Lic Nr: Not documented Coordinates: N 444,351 E 2,218,628
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T__ R_ S
Date Date Elevation
Started: 30Mar67 CompLete: 31Mar67 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

4-8: Fine SAND, light moisture
8-13: SAND, dry
13-19: Coarse SAND, dry
19-21.5: Coarse SAND, light moisture
21.5 : Fine SANO,

moderate moisture

DRILLER'S NOTES:
Contamination encountered:
8 ft = 20,000 dp/m
11 ft 2,000 dp/m
13 ft = 2,500 dp/m
14.5-19 ft = <500 dp/m
21.5 ft = 20,000 dp/m

v---

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seaL:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filter:
Not documented

No perforations documented:

6 in casing to 20 ft

r 669.00 ft I

END 

E ND I

[ ND 3

E 6-in

[ 7-in nom I

Depth bottom of borehole: C 21.5 ft I

0

Cr,

Drawing By: RKL/2#418-8O.ASB Date: 11Dec90

Reference:

C1-33
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample
Method: Cable tool Method: Drive barrel
Drilling Additives
Fluid Used: Not documented Used: Not documented
Driller's WA State
Name: Not documented Lic Nr: Not documented
Drilling Company
Company: Hatch Drilling Co Location: Pasco. WA
Date Date
Started: 31Mar67 Complete: 03Apr67

Depth to water: Not applicable

GENERALIZED DriLLer's
STRATIGRAPHY Log

4-13.5: Fine SAND, Light moisture
13.5-14: SmaLL-large GRAVEL, dry
14-23: Coarse SAND, Light moisture
23-32: Coarse SAND, tight to

moderate moisture
32-35.5: Coarse SAND & GRAVEL, Light

moisture
35.5-40: Coarse SAND w/GRAVEL, mixed

w/fine SAND, Light moisture
40-40.5: Coarse SAND w/smatt GRAVEL

light moisture
41- No sample, hit something solid

DRILLER'S NOTES:
Contamination encountered:

4 ft = contaminated from barrel
14 ft = 500 dp/m
16.5 ft = 5,000 dp/m
19 ft = 3,000 dp/m
21 ft = 5,000 dp/m
23 ft = 5,000 dp/m
25 ft = 10,000 dp/m
27.5 ft = 15,000 dp/m
29 ft = 10,000 dp/m
32 ft = 25,000 dp/m
34 ft = 1,000-20,000 dp/m
35.5 ft = 1,000-20,000 dp/m
38.5 ft = 20,000 dp/m
40-41 ft = 20,000 dp/m

I W

WELL TEMPORARY
NUMBER: 299-W18-81 WELL NO: 299-W18-56C
Hanford
Coordinates: N/S N 39,283 E/W W 76.605
State
Coordinates: N 444,388 E 2.218,619
Start
Card #:Not documented T- R- S
Elevation
Ground surface (ft): Not documented

<- - --

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

I Depth of surface seal
Type of surface seal:

None documented

I.D. of surface casing
(If present)

-- -

I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole:

Type of fitter:
Not documented

No perforations documented:

6 in casing to 41 ft
Depth bottom of borehole:

[ 669.00 ft 1

E ND I

IND 

I ND 

[ 6-in

7-in nom I

1 41 ft

C1-34

Drawing By: RKL/2#W18-81.ASB Date: 11Dec90

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard toot (nom) NUMBER: 299-W18-82 WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 38,570 E/W W 77,101
Driller's WA State State
Name: Not documented Lic Nr: Not documented Coordinates: N 434,674 E 2,218,125
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T____ R____ S ._
Date Date Elevation
Started: Not documented Complete: Not documented Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-146: Not documented

< <--------
.---I

: I

v

-- -

<-------

V--I

--- 
- ,

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seal
Type of seat: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole:

1 680.00 ft 2

[ ND 

[ND 

[ ND I

E 6-in

[ 7-in nom I

[ 146 ft

C1 35

Cs

4.-..

Drawing By: RKL/2#W18#82.ASB Date: 05Dec90

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Drive barrel NUMBER: 299-W18-85 WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 38,989 E/W W 76,717
Driller's WA State State
Name: Hatch Lic Nr: Not documented Coordinates: N 444,094 E 2,218.508
Drilling Company Start
Company: Hatch Drilling Co. Location: Pasco, WA Card #:Not documented T_ R_ S
Date Date Elevation
Started: 24Jul69 Complete: 05Aug69 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-5: SAND & SILT, damp
5-25: Coarse SAND, damp
25-40: Coarse SAND & small GRAVEL
40-51: SAND & SILT, GRAVEL to 4 in
51-51: BOULDER
51-80: SAND & SILT, dry
80-85: SAND & SILT, damp
85-105: SAND & SILT, dry
105-120: SAND & SILT, GRAVEL 2 to 4 in
120-124: Clean GRAVEL to 3 in
124-146: Not documented
146-150: CALICHE

DRILLER'S NOTES:
- Odor at 43.5 to 51 ft
- Odor down to 100 ft
- No odor 100 to 110 ft
- Odor strong 110 ft
- Odor real strong, 115-124 ft

ILI

:

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seat:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

[ 679.75 ft I

IND 

CND 

[ ND

[ 6-in

[ 7-in nom I

Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

No perforations documented:

v-- Depth bottom of casing
Depth bottom of borehole: [ 150 f t

CI-36

Drawing By: RKL/2#WI8#85,ASB Date: 05Dec90

Reference: __ _

< - --- - -- -

< - ------- -
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable tool Method: Hard toot NUMBER: 299-W18-86 WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 39.106 E/W W 76,742
Driller's WA State State
Name: Hatch Lic Nr: Not documented Coordinates: N 444,211 E 2,218,483
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T R S _
Date Date Elevation
Started: 05Aug69 Complete: 21Auq69 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-5: Coarse SAND & SILT
5-15: SAND & SILT, moist
15-25: SAND & GRAVEL to 2 in
25-41: SILT & SAND, coarse
41-50: SAND & GRAVEL to 5 in
50-60: Coarse SAND & 2 in GRAVEL
60-105: SAND & SILT
105-110: SAND & SILT, GRAVEL
110-135; SAND & SILT, GRAVEL to 3-4 in
135-140: SAND & SILT, small GRAVEL
140-150: Soft, brown CLAY
150- : Brown CLAY, BASALT chunks

(Possible BASALT BOULDER)

DRILLER'S NOTES:
- Odor at 44 ft
- Odor real strong all day (43-54 ft)
- Odor from 54-63 ft
- Strong odor again at 80 to 86 ft,

slight odor at 100 ft
- Odor strong 111-116 ft
- Odor real strong all day (116-130 ft)
- Faint odor alt day (130-149 ft)
- Unusual odor on completion (150 ft)

I <------ Elevation of reference point:
(top of casing)

.- Height of reference point above
: ground surface
v

Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

<-------

< ---- 

[ 683.49 ft I

r - 3 ft I

[ND 

E ND I

E 6-in

[ 7-in nom I

I Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole: [ 150 ft I

C1-37

Cr'

Drawing By: RKtL/2#fW18#86.ASB Date: 05Dec90

Reference:

|
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard toot (nom) NUMBER: 299-W18-87 WELL NO:
Drilting Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 38,980 E/W W 76,604
Driller's WA State State
Name: Hatch Lic Nr: Not documented Coordinates: N 444,085 E 2,218,621
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T_ R_ S
Date Date Elevation
Started: 25Auq69 Complete: OSSep69 Ground surface (ft): 674.8 ft estimated

Depth to water: Not applicable

GENERALIZED DrilLer's
STRATIGRAPHY Log

0-5: Moist SAND & SILT
5-20: Coarse SAND
20-25: Coarse SAND, GRAVEL to 2 in, damp
25-35: Fine damp SAND
35-40: GRAVEL to 4 in
40-45: SAND & GRAVEL to 4 in
45-55: SAND & SILT, GRAVEL to 4 in
55-60: SmalL GRAVEL, SAND & SILT
60-70: SAND & SILT
70-85: SAND & SILT, moist
85-87: SAND & SILT, wet
87-90: Large GRAVEL
90-95: SAND & SILT
95-100: CLAY, small GRAVEL
100-110: SAND & GRAVEL, 3 in
110-120: Small GRAVEL
120-130: Smatl GRAVEL & SAND
130-140: Brown CLAY
140-150: Sandy brown CLAY
150 : CALICHE

DRILLER'S NOTES:
- Faint odor from 12 to 16 ft
- Odor strong from 34 ft (to 41 ft)
- Odor strong alt day (41-50 ft)
- Odor strong alt day (50-65 ft)
- Odor strong from 87-92 ft
- Odor all day - strong (97-108 ft)
- Odor strong to 136 ft (116-136 ft),
no odor to bottom

------- Elevation of reference point:
(top of casing)

.--- Height of reference point above
: ground surface
v

Depth of surface seal

Type of surface seal:
None documented

I--

Depth to bottom Jan9
151.4 ft (TOC)

I.D. of surface casing
(If present)

1.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

1 677.23 ft 3

[ 2.4 ft I

[ ND I

E ND I

[ 6-in 2

[ 7-in nom I

Type of filter:
Not documented

Elevation/depth top of seal
Type of seat: Not documented

No perforations documented:

'1

Depth bottom of casing
Depth bottom of borehole: 1 150 ft 

Drawing By: RKL/2#1A48#87.ASB Date: 19Feb91

Reference:

CI-38
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Hard toot, WELL TEMPORARY
Method: Cable toot Method: Drive barrel NUMBER: 299-W18-88 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 39,298 E/W W 76,432
Driller's WA State State
Name: Bigham Lic Nr: Not documented Coordinates: N 444,404 E 2,218,792
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T_ R_ S _

Date Date Elevation
Started: 1OSep69 Complete: 19Sep69 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-15: 50% SAND, 50% SILT, (moist)
15-25: 25% SAND, 75% GRAVEL (dry)
25-35: Coarse SAND (moist)
35-40: Coarse SAND 95%, GRAVEL 5%

(moist)
40-45: Coarse SAND 75%, GRAVEL 25%
45-55: SAND 25%, GRAVEL 50%, COBBLES 25%
55-60: SAND & GRAVEL
60-65: SAND
65-70: SILT & SAND
70-75: SAND
75-83: SAND & SILT
83-95: SAND & GRAVEL
95-97: SAND - a little GRAVEL
97-130: SAND & SILT
130-139: SILT
139-143: CALICHE
143-145: CALICHE & GRAVEL to 2 in
145-150: SAND, GRAVEL, COBBLES

DRILLER'S NOTES:
- Material at 12 ft was wet,
slight odor at 40 ft

- Odor from 40 to 55 ft, strongest
about 52 ft

- Odor at 83 ft
- Stitl some odor (85-95 It)

-------- Elevation of reference point:
(top of casing)

.--- Height of reference point above
: ground surface

, Depth of surface seat

Type of surface seat:
None documented

I.D. of surface casing
(If present)

1.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

[ 679.76 ft I

S~3ft 

E ND 

[ ND 

[ 6-in I

I 7-in nom 3

Type of filter:
Not documented

Elevation/depth top of seal
Type of seat: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole: r 150 ft I

C1-39

.f),

vi

U,

Drawing By: RKL/2#W18#88.ASB Date: 05Dec90

Reference:

|
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable tooL Method: Hard tooL NUMBER: 299-W18-89 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 39.360 E/W W 76,752
Driller's WA State State
Name: Richard/Gentz Lic Nr: Not documented Coordinates: N 444,465 E 2,218.472
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T___ R__ S
Date Date Elevation
Started: 070ct69 Complete: 21Oct69 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-15: SAND
15-60: GRAVEL, SAND
60-98: SAND, SILT
98-100: GRAVEL, SAND, SILT
100-105: SAND, SILT and GRAVEL
105-110: GRAVEL, SAND, SILT
110-115: GRAVEL, SAND
115-127: Coarse GRAVEL, SAND
127-140: SAND, SILT
140-150: SAND, GRAVEL

DRILLER'S NOTES:
- Carbon tet odor at 87 ft
- Odor continued to about 140 ft

odor not especially strong per
driller (125?-140 ft)

I i | --- --
.--

I--
<- - -

<-- - - - - - - - - - - -- - -

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seat:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

1 681.32 ft

E - 3 ft I

END 

[ ND 

I 6-in I

r 7-in nom I

I Type of filter:
Not documented

Elevation/depth top of seat
Type of seat: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole: [ 150 ft I

C1-40

Drawing By: RKL/2#1W18#89.ASB Date: 06Dec90

Reference:

|



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Hard tools
Method: Cable toot Method: Drive barrel
Drilling Additives
Fluid Used: Water Used: Not documented
Driller's WA State
Name: Bigham Lic Nr: Not documented
Drilling Company
Company: Hatch Drilling Co Location: Pasco, WA
Date Date
Started: 28Jan72 Complete: 08Feb72

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-15: SAND
15-25:
25-26:
26-30:
30-35:
35-45:
45-50:
50-55:
55-56:
56-58:
58-63:
63-64:
64-92:
92-112:
112-124
124-134
134-140

SAND & GRAVEL
SAND & GRAVEL, wet
SILT layer, wet
SAND
SAND & GRAVEL
SAND, GRAVEL, COBBLES
SAND
Coarse SAND
Med SAND
SILT layers, fine siL
Fine SAND
Silty SAND
Med SAND
SAND up to
Med SAND
SILT & fin

DRILLER'S NOTES:
- (28Jan72 0-30 it)
20,000 d/pm - 4,0
shutdown 4:15 - f

- (02Feb72 58-63 ft
no det cont.

- (03Feb72 64-92 ft
no det cont

I <-------

.- -

ty SAND

large GRAVEL

e SAND

00 c/M - max
or fresh air mask
)

<--

WELL TEMPORARY
NUMBER: 299-W18-93 WELL NO:
Hanford
Coordinates: N/S N 38,744 E/W W 76,905
State
Coordinates: N 443,848 E 2,218,321
Start
Card #:Not documented T____ R____ S
Elevation
Ground surface (ft): Not documented

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

[ 665.00 ft I

E ND I

[ ND 

[ ND ]

[ 6-in

[ 7-in nom I

| Type of filler:
Not documented

| Elevation/depth top of seat
Type of seal: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole: C 140 ft ]

C1-41

Drawing By: RKL/2#W18#93.ASB Date: 06Dec90

Reference:

|

j
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY

Method: Cable toot Method: Drive barrel NUMBER: 299-W18-94 WELL NO:

Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 38,662 E/W w 76.880

Driller's WA State State

Name: Bigham Lic Nr: Not documented Coordinates: N 443,766 E 2,218.346

Drilling Company Start

Company: Hatch Drilling Co Location: Pasco. WA Card #:Not documented T_ R_ S _

Date Date Elevation

Started: 08Feb72 Complete: 10Feb72 Ground surface (it): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-6: SILT, fine SAND, (dry)
6-12: Coarse SAND
12-22: Very coarse SAND,

25% small GRAVEL
22-31: Very coarse SAND
31-34: Very coarse SAND,

10% small GRAVEL
34-36: Very coarse SAND, wet
36-39: Coarse SAND, GRAVEL to 2% in
39-45: Coarse SAND, very small GRAVEL
45-50: Very coarse SAND, GRAVEL to 2 in
50-60: SAND - GRAVEL
60-80: SAND, SILT

DRILLER'S NOTES:
- None

Elevation of reference point:
(top of casing)

- - Height of reference point above
: ground surface

t
Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

[ 665.00 ft I

CND 

[ ND I

C ND 

6-in

[ 7-in nom I

Type of filter:
Not documented

ELevatioo/depth top of seat
Type of seal: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole: E 80t I

Drawing By: RKL/2#Wl18#94.ASB Date: 06Dec90

Reference:

0
C1-42
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Drive barrel NUMBER: 299-W18-95 WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 38,665 E/W W 76,970
Driller's WA State State
Name: Bigham Lic Nr: Not documented Coordinates: N 443,769 E 2,218,256
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T_ R S_
Date Date Elevation
Started: 11Feb72 CompLete: 15Feb72 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED
STRATIGRAPHY

0-8: SAND
8-15 50% SAND
15-20:
20-25:
25-35:
35-48:
48-56:
56-69:

69-71:
71-76:
76-77:
77-80:

Dri LLer's
Log

50 RAVELI

10% SAND, 90% GRAVEL
SAND & GRAVEL
90% SAND
40% SAND, 60% GRAVEL to COBBLES
SAND & GRAVEL
SAND (fine, some SILT)
some moisture
Medium SAND (dry)
Fine SAND (dry)
Fine SAND, SILT stringers (dry)
Fine SAND

DRILLER-S NOTES:
- Less moisture in

than W18-93 & 94
soil this well

I C-------Elevation of reference point:
(top of casing)

.-- Height of reference point above
: ground surface

Depth of surface seat

Type of surface seal:
None documented

I.D. of surface casing
(If present)

1.-
---

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of fitter:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole:

[ 665.00 ft I

[ - 3 ft I

[ ND 3

E ND 3

[ 6-in I

E 7-in nom 3

[ 80 ft I

C1-43

C

I-N

Drawing By: RKL/2#W18#95.ASB Date: 06Dec90

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY

Method: Cable toot Method: Drive barrel NUMBER: 299-W18-96 WELL NO:

Drilling Additives Hanford

Fluid Used: Not documented Used: Not documented Coordinates: N/S N 38,825 E/W w 76,790
Driller's WA State State

Name: Bigham Lic Nr: Not documented Coordinates: N 443,930 E 2,218,436

Drilling Company Start

Company: Hatch Drilling Co Location: Pasco. WA Card #:Not documented T_ R_ S

Date Date Elevation

Started: 16Feb72 Complete: 18Feb72 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-7: SAND & SILT (moist)
7-12: Very coarse SAND -

small GRAVEL (dry)
12-21: Small to medium GRAVEL (dry)
21-22: Med SAND (moist)
22-24: Med SAND
24-35: Very coarse SAND
35-45: SAND - GRAVEL, COBBLES
45-47: Med SAND
47-50: SAND, GRAVEL, COBBLES
50-53: GRAVEL
53-55: Med SAND
55-75: Fine SAND & SILT (damp)
75-77: Med SAND (dry)
77-79: Fine SAND, 75% SILT (wet)
79-80: Med SAND (dry)

DRILLER'S NOTES:
- (18Feb72, 77-79 It)
carbon tet odor

------
Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

LD. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole:

---

--

C 665.00 ft 2

[ - 3 ft I

[ND 2

E ND I

I 6-in I

[ 7-in nom 2

Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

No perforations documented:

Depth bottbm of casing
Depth bottom of borehole: ( 80 ft I

C1-44

Drawing By: RKL/2#W18#96.ASB Date: 06Dec90

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Drive barrel NUMBER: 299-W18-97 WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used; Not documented Coordinates: N/S N 38,745 E/W W 76,790
Driller's WA State State
Name: Bigham Lic Mr: Not documented Coordinates: N 443,850 E 2,218,436
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T_ R_ S
Date Date Elevation
Started: 22Feb72 Complete: 24Feb72 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED
STRATIGRAPHY

Driller's
Log

0-5: Not documented
5-9: Med SAND
9-25 V SAND
26-34:
34-50:
50-55:
55-57:
57-60:
60-72:
72-85:

RAVELI
ery coarse , GAE
Very coarse SAND (wet)
SAND-GRAVEL, some COBBLES
SAND & GRAVEL
Med SAND
Fine SAND & SILT
Med SAND (dry)
Fine SAND, some SILT (dry)

DRILLER'S NOTE:
- (24Feb72)
Very little moisture in this well
No odors

V

--

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

1 665.00 ft I

I - 3 ft 1

[ ND

I ND 

[ 6-in 2

[ 7-in nom I

Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole: E 85 ft I

C1-45

C,I

Drawing By: RKL/2#W18#97.ASB Date: 06Dec90

Reference:

|
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY

Method: Cable tool Method: Drive barret NUMBER: 299-W18-98 WELL NO:
Drilling Additives Hanford

Fluid Used: Not documented Used: Not documented Coordinates: N/S N 38,940 E/W W 76,880

Driller's WA State State

Name: Bigham Lic Nr: Not documented Coordinates: N 444,044 E 2,218,345

Drilling Company Start

Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T_ R_ S

Date Date Elevation
Started: 25Feb72 Complete: 29Feb72 Ground surface (ft): Not documented

Depth to water: Not aoplicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-6: Med SAND
6-12: Coarse SAND & GRAVEL
12-30: Very coarse SAND

(wet from 26 ft down)
30-50: SAND, GRAVEL, some COBBLES
50-58: SAND-GRAVEL, some COBBLES
58-62: Fine SAND & SILT
62-66: Med SAND
66-71: Fine SAND, some SILT
71-75: Fine SAND, 50% SILT
75-80: Fine SAND, SILT stringers

DRILLER'S NOTES:
- (28Feb72, 30-50 ft)
Carbon tet odor at 35 ft,
very strong at 48 ft to 50 ft

- (29Feb72, 50-80 ft)
No odor today, soil dry all day

-------- Elevation of reference point:
(top of casing)

--- Height of reference point above
: ground surface

Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:

Carbon steel

Diameter of borehole:

<--------

< -- - -

-------.1

[ 665.00 ft I

E - 3 ft J

END 

t ND 

I 6-in I

r 7-in nom I

Type of filler:
Not documented

Elevation/depth top of seat
Type of seat: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole: t 80 ft I

C1-46

Drawing By: RKL/2#W18#98.ASB Date: 06Dec90

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Drive barrel NUMBER: 299-W18-99 WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 38.,949 E/W W 76,768
Driller's WA State State
Name: Bigham Lic Nr: Not documented Coordinates: N 444,054 E 2,218,457
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco, WA Card #:Not documented T____ R____ S
Date Date Elevation
Started: 01Mar72 Complete: 08Mar72 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-9: SAND & SILT
9-20: Very coarse SAND-

small GRAVEL (dry)
20-30: Med SAND (dry)
30-35: Very coarse SAND-small GRAVEL
35-51: SAND, GRAVEL, COBBLES
51-54: Med SAND
54-72: Fine SAND, some SILT
72-76: Fine SAND, 75% SILT
76-95: Fine SAND, SILT stringers
95-105: Med SAND, SILT stringers
105-110: GRAVEL up to COBBLES
110-128: SAND 20%, GRAVEL 70%,

COBBLES 10%
128-132: 10% SAND, 70% GRAVEL

20% COBBLES
132-133: SILT
133-135: Fine SAND, SILT stringers

DRILLER'S NOTE:
- (07Mar72, 110-128 ft)
Carbon tet odor from 115 ft

-------- 
Elevation 

of reference 
point:

(top of casing)
-- Height of reference point above

ground surface
-

Depth of surface seal

Type of surface seal:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

--

[ 665.00 ft

[ - 3 ft 2

[ NO

[ ND I

[ 3-in I

[ 4-in nom I

Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

No perforations documented:

Depth bottom of casing
Depth bottom of borehole: E 135 ft 2

C1-47

C,

- '4

Drawing By: RKL/2#W18#99.ASB Date: 06Dec90

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Hard tools WELL TEMPORARY

Method: Cable tool Method: Drive barrel NUMBER: 299-W18-149 WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 39,329 E/W W 76,602
Driller's WA State State
Name: Hatch Lic Nr: Not documented Coordinates: N 444,434 E 2,218,622

Drilling Company Start

Company: Hatch Drilling Co Location: Pasco. WA Card #:Not documented T_ R_ S

Date Date Elevation
Started: 21Jan74 Complete: 12Apr74 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED
STRATIGRAPHY

Driller/Geologist
Log w/notes

0-7: No recovery
7-12: Dry SAND & GRAVEL

(2-5 mr, 25-60,000 c/m)
12-14: Dry SAND

(2-5 mr, 25-50,000 c/m)
14-15: Dry SAND, sparse ROCK

(20,000 c/m)
15-17: Dry coarse SAND (8,000 c/m)
17-18.5: Moist coarse SAND

(7,500-3,500 c/m)
18.5-22: Coarse SAND and very fine

GRAVEL C1,500 c/m)
22-24: Coarse to med SAND (1,800 c/m)
24-27: Med SAND (850 c/m)
27-29: Sandy SILT
29-31: Coarse SAND and SILT

(1,350-2,500 c/m)
31-34: Not documented, reduced

casing size
34-46: Broken ROCK
46-62: Brown hard packed SILT
62-ND Broken ROCK
ND-79 Fine brown SILT
79-80 Grey SAND
80-82 GRAVEL
82-92 SAND

-- - - -

< --------

<--------

<---------

v--
--- - -

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seat:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:

PVC

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seat
Type of seal: Not documented

Cement plug?, 75-92 ft
Placement not documented

Depth bottom of casing
Depth bottom of borehole:

[ 672.56 ft I

t ~ 1 ft I

[ND 

[ ND 

I 6-in 3

r 7-in rnom

C 92 ft I

C1-48

Drawing By: RKL/2W18-149.ASB Date: 06Dec90

Reference:



DOE/RL-91-32
Draft B *

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Split spoon and WELL TEMPORARY
Method: Cable tool Method: Drive barrel NUMBER: 299-W18-150 WELL NO:
Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39,075 E/W W 76,601
Driller's WA State State
Name: Hatch/Baker Lic Nr: Not documented Coordinates: N 444,180 E 2,218,624
Drilling Company Start
Company: Hatch Drilling Co Location: Pasco. WA Card #:Not documented T_ R_ S _
Date Date Elevation
started: 11Jun74/08Ju177 Complete: OlAug74/21Jul77 Ground surface (ft): 668.8 ft estimated

Depth to water: Not applicable

STRATIGRAPHY Log

-m t.:
0-13: Backfill, GRAVEL-SAND
13-17: Coarse SAND, damp
17-18: Coarse SAND, sparse GRAVEL
18-20: Fine SAND and SILT
20-25: Fine to med SAND With SILT
25-28: Fine SAND with CLAY and SILT
28-30: Medium SAND with sparse GRAVEL
30-40; SAND, GRAVEL, COBBLES
40-41: Fine SAND, SILT & GRAVEL
41-43.5: GRAVEL and SAND
43.5-46.5; Fine SAND and GRAVEL
46.5-53: Fine SAND and SILT
53-58: Fine, medium SAND
58-59: Very fine to medium SAND
59-69.5: Fine to medium SAND
69.5-74: Very fine to fine SAND
74-75: Silty fine-medium SAND
75-76.5: Fine-medium SAND

with trace of coarse
76.5-84: Fine to coarse SAND
84-85.5: Fine to coarse SAND,

few COBBLES and GRAVEL
85.5-90: Fine to coarse SAND
90-92: Fine to medium SAND
92-93: Silty, very fine to fine SAND
93-93.1: SILT
93.1-97.5: Very fine to fine SAND

Casing Plug
I-

97.5-100: Silty, medium to very coarse
SAND, GRAVEL & COBBLES ----

100-103.5: SILT, fine to coarse SAND,
PEBBLES, COBBLES

103.5-112: Fine to very coarse SAND, PEBBLES and COBBLES
112-114: Very fine SAND
114-117: Fine to medium SAND
117-120: Very fine silty SAND
120-122: Very fine to fine SAND, embedded SILT stringers
122-128: SILT

C
DRILLER'S NOTE:
- (31Jul74, 43.5 ft)
Carbon tet odor strong at this point

------

.--

<---|

< - --- -|

< - -- I

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
Concrete Dad. 12 ft x 12 ft

I.D. of surface casing
(If present) 0-7 ft

8 in casing 0-48 ft

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filter:
Not documented

No perforations documented:
Depth bottom of casing:
Plugged, depth to bottom 115.9
Depth bottom of borehole:

E 671.81 ft I

[ - 3 ft I

0ND i

[ 1l in I

[ 6-in I

f 7-in nom I

[ 122 ft
ft

[ 128 ft

ONSTRUCTION NOTE:
This well was drilled under complete containment
and encountered extensive contamination while
drilling. For detailed Geologic Log and record
of contamination see Plate 12 of:

S. M. Price, et at., "Distribution of Plutonium
and Americium beneath the 216-Z-1A Crib: A .
Status Report," RHO-ST-17, February 1979,
Rockwell Hanford operations, Richland, WA.

The well was drilled in two stages 0-53 ft in 1974
and 53-128 ft in 1977.

C1-49

GENERALIZED DriLler's

'0

C'.

Drawing By: RKL/2W18-150.ASS Date: 27Feb91

Reference:

... .....

-----
-----
---



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY

Method: Cable tool Method: Drive barret NUMBER: 299-W18-158 WELL NO: -

Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39,266 E/W w 76.650
Driller's WA State State

Name: Evans/Baker Lic Nr: Not documented Coordinates: N 444,371 E 2.218,574

Drilling Company Start

Company: Not documented Location: NO Card #:Not documented T_ R_ S

Date Date Elevation

Started: 30Auq76/06Sep77 Complete: 30SeP76/08SeP
7 7 Ground surface (ft): 670.0 Estimated

Depth to water: Not applicable

GENERALIZED Geologist/
STRATIGRAPHY Driller Log

0-7: Medium-fine sandy SILT
w/trace of fine GRAVEL

7-13: Coarse-medium sand fine-medium
GRAVEL w/some COBBLES

13-13: 1/2 in SILT tens
13-18: Coarse-medium sand GRAVEL

some small COBBLES
18-20: Fine gravelly coarse-medium

SAND to small COBBLES
20-25: Very coarse sand fine-medium

GRAVEL (85% basalt gravel)
25-35: Medium-very coarse SAND,

some PEBBLES, GRAVEL & BOULDERS
35-47: Fine-coarse SAND w/PEBBLES,

GRAVEL and COBBLES (broken)
47-48: About 9 in SILTY Layer with

a little fine GRAVEL
48-50: Medium-fine sandy SILT
50-51: Silty very fine-medium SAND
NOTE: Contamination encountered at

51 ft
51-90: Not documented
90-93: Medium-fine SAND
93-94: SILT stringer
94-95: Medium-fine SAND
95-96: Medium SAND, slightly pebbly

w/trace of small COBBLES
* First phase of drilling
v second phase of drilting

96-100: GRAVEL & COBBLES
100-107: Silty very fine to medium

SAND, 60% GRAVEL few COBBLES
107-111: Fine to medium SAND,

20% GRAVE;, few COBBLES
111-112: Very fine SAND
112-118: Fine to medium SAND, few coar
118-119: SILT layer
119-121: Very fine to fine SAND
121-123: SILT
123-125: Fine SAND and SILT
125-128: Silty very fine SAND
128-131.5: SILT

I: ---. 9

r--

..... .... ....... --------

L------------I

-I -

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seal:
Grouted around top

I.D. of surface casing
(If present)

8 in casing 0-94 ft

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seat
Type of seat: Grouted

No perforations documented

Depth bottom of casing:
Bottom cement plugged
Depth to bottom
Feb91 125.2 ft
(128.2 ft from top-of-casing)

Bottom borehole

[ 672.61 ft

[ 2.6ft 

END 

[ ND I

C 6-in I

[ 7-in nom I

[ 127a5 ft 3

[ 131 ft

se particles

: RKL/2W18-158.ASB Date: 18Mar91

0
C 1-50'

Drawing By

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Dual walt &
Method: Cable tool Method: Drive barrel
Drilling Additives
Fluid Used: None Used: Not documented
Driller's WA State
Name: Baker Lic Nr: Not documented
Drilling Company
Company: Not documented Location: ND
Date Date
Started: 090ec77 Complete: 11Jan78

Depth to water: Not applicable

GENERALIZED
STRATIGRAPHY

WELL TEMPORARY
NUMBER: 299-W18-159 WELL NO:
Hanford
Coordinates: N/S N 39,228 E/W W 76,602
State
Coordinates: N 444,333 E 2,218,622
Start
Card #:Not documented T____ R____ S
Etevation
Ground surface (ft): 669.6 ft estimated

F '<--- --- Elevation of reference point:
(top of casing)

-- Height of reference point above
ground surface

Driller's
Log

Dual Walt Sample Descriptions:
11: Fine SAND, few PEBBLES
13: Ned to coarse SAND, few PEBBLES
15.5: Med to coarse SAND,

few PEBBLES
18: Coarse SAND, few PEBBLES
21: Fine to medium SAND
23.5: Med to coarse SAND
26: Fine to med SAND
28.5: Coarse SAND
32; 34.5; 37; Coarse to very coarse

SAND
39.5: Coarse SAND
42: Fine SAND
Drive barrel sample descriptions:
42-47: Fine to medium SAND

(Contamination 20,000 dp/m)
47-50.5: Very fine to fine SAND

(Contamination 40-70,000 dp/m)
50.5-57: Fine to medium SAND

(Contamination 5-30,000 dp/m)
57-62: Fine to medium SAND

(Contamination 500 dp/m)
62-69: Fine to medium SAND

(Contamination <500 dp/m)
69-75: Very fine to medium SAND
75-76: SILT
76-78: SILT to coarse SAND
78-81: Medium to coarse SAND
81-82: Fine to medium SAND,

imbedded SILT
82-82.5: SILT stringer, fine to coarse SAND
82.5-85: Fine to medium SAND, some SILT
85-88.5: Fine to coarse SAND
88.5-93: Fine to coarse SAND, GRAVEL, silty
93-98: Silty GRAVEL, fine to coarse SAND
98-103: Silty, fine to very coarse SAND, GRAVEL
103-106: Fine to medium SAND, PEBBLES
106-116: Very fine to fine SAND, few PEBBLES
116-120: SILT to very fine SAND
120-125: SILT
125-127: Very fine to fine SAND, SILT
127-130: SILT

L---

< --------

-- -.
-- - - -

------

Depth of surface seal

Type of surface seat:
Concrete pad 20 ft x 30 ft
Has 2 ft so rubber mat around ca

I.D. of surface casing
(If present) 8 in casing
0-7 ft

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filter:
Not documented

Elevation/depth top of seal
Type of seat: None documented

Depth bottom of casing:

Cement plug, not well documented
Depth bottom of borehole:

Depth to bottom, Feb91
120.8 ft (122.0 ft TOC)

1 670.77 ft I

1 1.2 ft ]

[ ND I

sing
[ 8 in ]

I 6-in

E 7-in nom I

1 126 ft I

1 130 ft 

C1-51

C?

C.

-I

Drawing By: RKL/2W18-159.AS8 Date: 27Feb91

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample
Method: Cable toot Method: Drive barrel
Drilling Additives
Fluid Used: None Used: Not documented
Driller's WA State
Name: Baker Lic Nr: Not documented
Drilling Company
Company: Not documented Location: ND
Date Date
Started: 08Feb77 Complete: 16Feb77

WELL TEMPORARY
NUMBER: 299-W18-163 WELL NO:
Hanford
Coordinates: N/S N 39,284 E/W W 76,552
State
Coordinates: N 444.389 E 2,218,672
Start
Card #:Not documented T_ R_ S
Elevation
Ground surface (ft): Not documented

Depth to water: Not applicabte

< <--------
GENERALIZED Geologist's
STRATIGRAPHY Log

v

0-16: Backfill
16-20: Fine-med SAND & sparse GRAVEL
20-33: Med-coarse SAND; sparse GRAVEL
33-36: Med-coarse SAND, GRAVEL

& COBBLES
36-40: Med-coarse SAND-50% GRAVEL ------

(fine to coarse to cobble size)
40-46: Med coarse SAND-30% GRAVEL
46-49: SlighLty silty fine SAND
49-49.5: Med coarse SAND, 30% gravel;

small fine SAND stringer,
(Contaminated 5,000 dp/m) ----------

49.5-50: Fine SAND w/very few PEBBLES
(No contamination)

50-53: Fine-med SAND, very few
small PEBBLES -------

53-55: Med-fine brown SAND
55-58: Slightly silty med-fine ....--

brown SAND
58-74: Med-fine brown SAND
74-76: Med-fine brown SAND, ---------

slightly silty
76-81: Med-fine lighter brown SAND
81-82: Light brown med-fine SAND;

slightly SILTY
82-85: Silty SAND stringer

(compacted sand?)
85-87: Med-coarse SAND; fine sand

to sitt matrix ---------
87-92.5: Coarse SAND and GRAVEL -------
92.5-105: Coarse-med SAND and small to large GRAVEL
105-111: Very fine-fine silty SAND
111-115: Med-fine brown SAND
115-120: Med-coarse SAND
120-123.5: Silty very fine-fine SAND
123.5-124.5: Very slightly silty fine-med SAND
124.5-130: Silty, very fine-fine SAND; slight amount of CaCO3130-135: Silty very fine-fine SAND; >30% CaCO3 stringers
135 : Silty very fine SAND; CaCO3

ELevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seat:
Cement grout

L.D. of surface casing
10 in casing 0-14 ft

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seat
Type of seat: Not documented

Depth bottom of casing:

Cement plug, not well documented
Depth bottom of borehole:

E 670.00 ft 3

[ ND I

[ND 

[10 in I

[ 8-in I

E 9-in nom 3

[ 130 ft

[ 135 ft

GEOLOGIST'S NOTES: Strong CCL4 odor at 87, 102, 103, 105 and 112 ft

Date: 07Dec90

C1-52

Drawing By: RKL/2W18-163.ASB

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Drive barrel NUMBER: 299-W18-164 WELL NO:
Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39,040 E/W W 76,602
Driller's WA State State
Name: Baker Lic Nr: Not documented Coordinates: N 444,145 E 2.218,623
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T____ R____ S
Date Date Elevation
Started: 12Jan77 Complete: 01Feb77 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED
STRATIGRAPHY

Driller's
Log

0-10: Coarse SAND to SILT;
sparse GRAVEL

10-20: Coarse SAND
20-27.5: Very coarse SAND with sparse

GRAVEL; gray

.--- I

:V--
27.5-30: Very coarse to fine SAND
30-35: Very fine-med SAND w/SILT
35-38: Med gray SAND w/some SILT

(Contamination 35.5 ft)
38-40: Med gray-brown SAND <--
40-42: Fine-med brown SAND w/some SILT
42-50: Fine-med brown SAND w/some SILT <-<----

and GRAVEL/COBBLE fragments
50-53: Very fine-fine brown SAND & SILT
53-65: Fine-med brown SAND
65-67: Very fine-fine SAND w/some SILT <----
67-68: Fine-med gray SAND
68-70: Fine-med brown SAND
70-72.5: Fine-med brown SAND w/some SILT
72.5-78-5: Fine-med BROWN sand <----
78.5-81: Fine-med brown SAND w/some SILT-
81-82: Fine to silty brown SAND
82-84: Very silty fine brown SAND
84-85: Silty fine brown SAND
85-90.5: Slightly silty fine-med

brown/gray-brown SAND
90.5-97.5: Fine-med black/brown SAND
97.5-100: Very fine-med silty brown SAND ------
100-101.5: "Pea" GRAVEL and SAND
101.5-102.5: SAND and "pea-size" GRAVEL <----

102.5-106: SAND w/GRAVEL & small COBBLES
106-107: Med-coarse SAND & GRAVEL, ("pea-size" to 2 in)
107-115: Coarse SAND & GRAVEL, ("pea-size" to 2 in)
115-118: Coarse SAND, small GRAVEL (15% gravel to 1 in)
118-120: Very fine SAND & SILT
120-128: Fine-med SAND; silty-slightly silty after 122 ft
128-139: Very fine-fine SAND & SILT; 4 in CLAY at 128 ft.
139-143: Very fine SAND & SILT; small amounts of CaC0 3 in
143-150: Very fine SAND & SILT w/CALICHE
150-153: Silty SAND w/sparse CALICHE & cobble-size fragme
153-153.5: Fine-med SAND w/SILT & sparse GRAVEL to COBBLE

Drawing By: RKL/2W18-164.ASR Date: 03Dec90

--- I

sand

nts

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
Cement grout

I.D. of surface casing
(If present)

10 in casing to about 30 ft

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole, 30-111 ft

Type of filter:
Not documented

8 in casing to 111 ft
Elevation/depth top of seal
Type of seal: Not documented

No perforations documented:
Depth bottom of 6 in casing
Plugged, not well documented
Depth bottom of borehole:

C 678.75 ft I

END ]

[ 0-30 ft I

[ 10 in

[ 8 & 6-in

I 9-in nom

[ 150 ft I

[ 153 ft 3

GEOLOGIST'S NOTES:
Extensive contamination encountered;
35.5 ft=500 d/m; 68 ft=3,600 d/m;
70 ft=16-20,000 d/m; 72.5 ft=10,000 d/m;
73-75.4 ft=1-4,000 c/m; 82 ft=10,000 d/m;
83 ft=1,000 d/m; 84 ft=4,000 c/m;
85 ft=5,500 d/m; 89 ft=2,500 d/m;
90-98 ft=500-5,000 c/m;

CCL 4 odor detected:
39 ft= smelt slight; 55-57 ft=odor
60 ft=slight odor; 68 ft=odor;
100 ft=strong organic smell;
100-101 ft=strong odor;
104-104.5 ft=slight odor
120-125=odor

Reference:

C1-53

0T)

cl;'



DOE/RL-91-32
Draft B-

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Drive barrel NUMBER: 299-W18-165 WELL NO:
Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39,180 E/W W 76,650
Driller's WA State State
Name: Baker Lic Nr: Not documented Coordinates: N 444,285 E 2,218,575
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T_ R_ S
Date Date Elevation
Started: 18Feb77 Complete: 29Mar77 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED
STRATIGRAPHY

Geologist'
Log

0-5: Not documented
5-10: Med SAND & SILT
10-15: COBBLE fill
15-18: Coarse SAND w/sparse GRAVEL

& broken COBBLES
18-22: Coarse SAND, gray
22-33: Coarse SAND, gray, sparse GRAVE
33-36: Coarse SAND w/GRAVEL & COBBLES
36-39: Coarse SAND w/50% GRAVEL

& COBBLES
39-45: Coarse to med SAND

W/50% GRAVEL & COBBLES
45-47: 50-75% GRAVEL to COBBLES w/med

to fine SAND matrix; in places
appears cemented

47-60.5: Med-fine, brown SAND
60.5-65: Silty-slightly silty,

very fine-fine SAND
65-70: Coarse-med SAND
70-71: Slightly silty,

very fine-med SAND
71-78: Fine-med SAND
78-90: Med-coarse SAND
90-94: Fine-med SAND
94-96: SILT-fine SAND
96-97: Fine SAND
97-98: Fine-med SAND, GRAVEL
98-104: Med SAND & PEA GRAVEL
104-106:Med SAND & PEA GRAVEL>COBBLES
106-106.5: Med & coarse SAND,

COBBLES & GRAVEL
106.5-111: Med to coarse SAND, GRAVEL
111-115: Med to fine SAND
115-119: Med SAND
119-123: Stightty silty, fine SAND
123-135: SILT
135 : CALICHE

v

.---Z:

--- I

1' -

to COBBLES

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seal:
Cement grout

I.D. of surface casing
(If present) 10 in from

0-20 ft

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole, 20-115 ft

[ 672.09 ft I

[ND 

1 20 ft I

r 10 in I

£ 6 & 8 in I

[ 9-in nom I

Type of filler:
Cement grout

8 in casing to 115 ft

Bottom plugged, not well documented

Depth bottom of 6 in casing
Depth bottom of borehole: t 135 ft 

GEOLOGIST'S NOTES:
Extensive contamination encountered:
57 ft = up to 10,000 dp/m; 58 ft = <1,000 dp/m;
59 ft = core barrel hot; 60 ft = 3,000 dp/m;
91 ft = 40,000 dp/m, 8,000 c/m;
93 ft = 10,000 dp/m, 30,000 c/m;
94-97 ft = 500 dp/m, 200 c/m
98 ft = 350 c/m: 9 ft = <500 c/m; 100 ft = ~500 c/m
104 ft ~500 c/m

CCL4 odor detected at:
52 ft = slight odor
60.5 ft = odor

Cl-54

Drawing By: RKL/2W18-165.ASB Date: 10Dec90

Reference:

a



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Split and WELL TEMPORARY
Method: Cable toot Method: Drive barrel NUMBER: 299-W18-166 WELL NO:
Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39,108 E/W W 76,650
Dritler's WA State State
Name: Baker Lic Nr: Not documented Coordinates: N 444,213 E 2,218,575
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T_ R_ S
Date Date Elevation
Started: 29Mar77 Complete: 14Apr77 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Geologist's
STRATIGRAPHY Log

0-15: Backfill & GRAVEL
15-20: Coarse SAND, sparse GRAVEL
20-25: Med SAND, some fine SAND
25-35: Very coarse-coarse SAND
35-40.5: Very coarse SAND, GRAVEL

& COBBLES
40.5-44.5: Med to coarse SAND,

PEBBLES, GRAVEL
44.5-50: Very fine SAND to SAND
50-55: Fine-med SAND
55-60: Not documented
60-62: Slightly sitty, fine-med SAND
62-65: Silty, fine-med SAND
65-66: SILT, med & coarse SAND
66-67: SILT layer
67-73: Fine-med SAND, SILT
73-79: SILT, fine-coarse SAND
79-83: Fine SAND
83-89: Fine & med to coarse SAND
89-94: Fine, med SAND
94-98: SILT
98-100: SILT & fine SAND
100-102: SILT layer
102-103: SILT, fine SAND
103-107: Fine, med SAND
107-110: Pea GRAVEL & SAND, COBBLES
110-114.5: Med SAND, small to Large

GRAVEL
114.5-117: Coarse-med SAND, GRAVEL
117-119.5: Med-very fine silty SAND
119.5-125: Fine-very fine sitty SAND
125-132: SILT
132-135: SILT, some fine SAND
135-137: CALICHE

< <--------|
.---I

^. F
V

<<------It

------

-------
< -------

<-----

------------------

<- -- I

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seal:
Cement grout

I.D. of surface casing
(If present) 10 in 0-20 ft

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole, 20-113 ft

t 671.11 ft I

END 

[201t f

10 in

S6& 8 in J

9-in nom I

Type of filter:
Cement grout

8 in casing 0-113 ft

Diameter of borehole, 113-137 ft [ 7 in nom I

Depth bottom of 6 in casing

Depth bottom of borehole:

E 130 ft 

E 137 ft

GEOLOGIST'S NOTES:
Contamination encountered:
93 ft = 40,000 dp/m, 8,000 c/m;
94 ft = 20,000 dp/m, 3,000 c/m;
94.5 ft = <500 dp/m;
99 ft = 5,000 dp/m;
100 ft = 20,000 dp/m
102 ft = <500 dp/m

CCL odor encountered:
11 .5 ft = odor
116 ft = odor

C1-55

Drawing By: RKL/2W18-166.ASB Date: 10Dec90

Reference:

C"'



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample , WELL TEMPORARY

Method: Cable toot Method: Drive barrel NUMBER: 299-W18-167 WELL NO:

Drilling Additives Hanford

Fluid Used: None Used: Not documented Coordinates: N/S N 39,214 E/W W 76,552
Driller's WA State State

Name: Baker Lic Nr: Not documented Coordinates: N 444,319 E 2,218,672

Drilling Company Start

Company: Not documented Location: ND Card #:Not documented T_ R_ S

Date Date Elevation

Started: 20Apr77 Complete: 17May77 Ground surface (ft): 665.7 Estimated

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-15: Backfill, very fine SAND/GRAVEL
15-20: Fine SAND, GRAVEL
20-25: Silty, fine-coarse SAND, s

GRAVEL
25-37: Med to coarse SAND
37-38.5: Coarse SAND, PEBBLES, COBBLES
38.5-44: Med-very coarse SAND, GRAVEL
44-48.5: Very fine-fine SAND
48.5-53: Very fine SAND, slightly sitty
53-55: Very fine SAND; med SAND (moist)
55-58: Silty, very fine SAND; fine SAND
58-60: SILT, fine-med SAND
60-64: Fine-med SAND
64-67: Fine, med, coarse SAND
67-71: Very fine-fine SAND & silty
71-76: Fine-med SAND
76-78: SILT, some very fine SAND, brown
78-83: Silty, very fine-fine brown SAND
83-90: Fine-med SAND, slightly siltyr

silty
90-92: Small GRAVEL, finemed SAND

some SILT
92-97: All sizes of GRAVEL, SILT

& coarse SAND
97-103: Med silty SAND, PEBBLES

& COBBLES
103-108: Silty, very fine-fine SAND
108-118: Fine, med & coarse SAND
118-121: Very fine-fine silty SAND
121-124: SILT
124-134: Silty & very fine SAND

(Layer of pure SILT)
134- : CALICHE

I I+--------- Elevation of reference point:
(top of casing)

.--- | Height of reference point above
: ground surface

-- ^

--- -- I

--- 
- |

--- - |

I Depth of surface seal

Type of surface seat:
Cement grout

I-D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filter:
Not documented

[ +---- 8 in casing to about 124

r --- Depth to bottom 01Feb91
126.5 ft (129.5 from top-

------- | .Cement plug,
not welt documented

+-------- IDepth bottom of borehole:

[ 669.00 ft I

[ 3.3 ft

[ND 

[ ND 

[ 8-in

1 9-in nom I

ft

of-casing)

[ 134 ft

DRILLER'S NOTES:
Contamination encountered:
55 ft = 2,000 dp/m & 51,000 dp/m

7,500-8,000 c/m
56 ft = <500 dp/m

CCL4 odor encountered
10 ft in backfill

C1-56

Drawing By: RKL/2W18-167.ASB Date: 14Mar91

Reference:



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample
Method: Cable tool Method: Drive barrel
Drilling Additives
Fluid Used: None Used: Not documented
Driller's WA State
Name: Baker Lic Nr: Not documented
Drilling Company
Company: Not documented Location: ND
Date Date
Started: 29Mav77 Complete: 16Jun77

Dept to water: Not apDLIcabiLe

GENERALIZED Driller's
STRATIGRAPHY Log

V

0-5: Not documented
5-10: Med-fine SAND, sparse GRAVEL
10-12: Coarse SAND, GRAVEL/COBBLE

backfill
12-16: 30% coarse, 30% med, 30% fine

SAND
16-22: Very coarse-med SAND
22-41: Med-very coarse SAND, PEBBLES

& COBBLES
41-45: Silty, PEBBLES & COBBLES
45-48.5: Slight amount of SILT,

very fine-fine SAND <--------
48.5-49: Med-coarse SAND at top,

SILT & very fine SAND bottom
49-51: Very fine SAND & SILT
51-53: SILT-very fine SAND <-------
53-55: Very fine-fine SAND
55-59: Fine-med SAND <--------
59-60: Very fine-fine SAND
60-63: Very fine-med SAND
63-70: Very fine-fine SAND
70-74: Fine-med SAND
74-75: Silty, very fine SAND, w/mica
75-80: Very fine-med SAND
80-85: Fine-med SAND
85-89: Med-coarse SAND
89-93: Fine-med SAND, some coarse <-------
93-95: SILT-very fine SAND . ---------
95-97.5: Med-fine SAND
97.5-101.5: Med-fine SAND <-------
101.5-104: Med-fine sitty SAND w/small-med GRAVEL
104-105: Med-very fine silty SAND DRILLER'
105-111.5: Med-coarse SAND Contami
111.5-114: Fine-med SAND 48.5-4
114-117: Med-coarse SAND 51 ft
117-119: Very fine-fine SAND w/SILT 55 ft
119-122: Fine-med SAND, traces of coarse SAND 56 ft
122-131: SILT 58 ft

59 ft
60 & 6
62 ft
63 ft
65 ft

CCL6 odo
I and

WELL TEMPORARY
NUMBER: 299-W18-168 WELL NO:
Hanford
Coordinates: N/S N 39,043 E/W W 76,552
State
Coordinates: N 444,148 E 2,218,673
Start
Card #:Not documented T_ R_ S
Elevation
Ground surface (ft): Not documented

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seat:
Cement grout

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

8 in casing to '127 ft
Cement plug
not well documented
Depth bottom of borehole:

S NOTES:
nation encountered:
9 ft = >40,000 dp/m;
= <500 dp/m
= 18,000 dp/m
= 12,000 dp/m
= >40,000 dp/m
= 30,000 dp/m
1 ft = 5,000 dp/m
= 20,000 dp/m
= 10,000 dp/m
= >500 dp/m
r encountered
12 ft = odor

[ 669.00 ft ]

[ ND 3

(ND 

[ND 

8-in

E 9-in nom

1 131 ft I

Cl-57

(N

Drawing By: RKL/2W18-168.ASB Date: 10Dec90

Reference:

h



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Drive barrel NUMBER: 299-W18-169 WELL NO:
Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39,073 E/W W 76,552
Driller's WA State State
Name: Baker Lic Nr: Not documented Coordinates: N 444,178 E 2,218,673
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T____ R_ S
Date Date Elevation
Started: 16Jun77 Complete: OSSep77 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-10: Backfill, no sample
10-12.5: Coarse SAND, COBBLES
12.5-23: Med-coarse SAND, COBBLES
23-28: Med-fine SAND
28-36: Fine-med SAND

1l1 <- -
36-37.5: Med, fine-coarse SAND, PEBBLES
37.5-39: Silty, med-coarse SAND,

PEBBLES & COBBLES
39-43.5: Very coarse, grey SAND,

SILT, PEBBLES & COBBLES
43.5-47: Silty, grey, coarse SAND

PEBBLES & COBBLES --------
47-48: Very fine-med SAND & COBBLES
48-49: Very fine-fine SAND w/med SAND

matrix, traces of SILT
49-53.5: Very fine-med SAND, PEBBLES -------

& SILT
53.5-58: Very fine-coarse SAND, --------

SILT stringers
58-66: Very fine-very coarse SAND
66-71: SILT, fine-coarse SAND, PEBBLES
71-72: Fine-very coarse SAND, some

SILT & a few PEBBLES
72-73.5: Fine-coarse SAND
73.5-78: SILT, fine-med SAND --------
78-82: Fine-med SAND, trace coarse SAND
82-83: Fine-very coarse SAND,

few COBBLES --------- |.
83-86: Fine-med SAND, trace of coarse

SAND & PEBBLES in stringers <-------
86-88: Very fine-fine SAND
88-90: Fine-coarse SAND
90-91: Fine-coarse SAND w/SILT stringers
91-93: Fine-coarse SAND w/trace of SILT, GRAVEL
93-97: Medvery coarse SAND w/COBBLES, highly compacted
97-99: Med-very coarse SAND w/SILT; PEBBLES and some COBBLES
99-103: Med-very coarse SAND ""pea" GRAVEL; few COBBLES
103-104: Very fine SAND; some coarse SAND & few PEBBLES
104-108: Fine-coarse SAND
108-110: Med SAND
110-113: Very fine-coarse SAND w/some very coarse SAND
113-117: Fine-very coarse SAND w/SILT stringers
117-120: Silty very fine-SAND
120-122.5: SILT-very fine SAND
122.5-132: SILT

Drawing By: RKL/2W18-169.ASB Date: 10Dec90

Reference:

Elevation of reference point:
(top of casing)
Height of reference point above

- ground surface
v

* Depth of surface seal

Type of surface seaL:
Cement grout

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of fiLter:
Not documented

* in casing to -128 ft

Cement plug
not weLL documented
Depth bottom of borehole:

E 669,00 ft

[ND 

END 

E ND 

r 8-in -

I 9-in nom 1

[ 132 ft I

DRILLER'S NOTES:
Contamination encountered:
34.5 ft = 5,000 dp/m
36 ft = 1,000 dp/m, 500 c/m
37.5 ft = 15,000 dp/m, 2,000 c/m
38 ft = 15,000 dp/m, 900 c/m
39 ft = 600 dp/m
40 ft = <500 dp/m
43.5 ft = 600 dp/m
45 ft = 500 dp/m
47 ft = <500 dp/m
CC 4 odor encountered
93 ft = odor
113-115 ft = odor

C1-58



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Dual walL CB &
Method: Cable tool Method: Drive barrel
Drilling Additives
Fluid Used: None Used: Not documented
Driller's WA State
Name: Baker Lic Nr: Not documented
Drilling Company
Company: Not documented Location: ND
Date Date
Started: ~13Sep7 Complete: 21Sep77

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-14: Not documented
14-17.5: Med-very coarse SAND
17.5-20: Not documented
20-22: Coarse bronze colored SAND
22-23: Med-coarse SAND
23-24: Med-coarse SAND. few PEBBLES
24-25: Coarse SAND
25-26: Fine-coarse SAND
26-28.5: Coarse SAND
28.5-30.5: Med-coarse SAND

(Hit hard object,
may be metal)

DRILLER'S NOTES;
Contamination encountered:
20 ft = 30,000 dp/m, 2,000 c/m
22 ft = 3,500 dp/m, 1,000 c/m
23 ft = 12,000 dp/m, 1,500 c/m
24 ft = 11,000 dp/m, 1,100 c/m
24.5 ft = 28,000 dp/m
25 ft = 70,000 dp/m, 4,000 c/m
26 ft = 11,000 dp/m, 2,000 c/m
27 ft = 70,000 dp/m
28.5 ft = 30,000 dp/m, 2,200 c/m
30 ft = 20,000 dp/m, 2,000 c/m
30.5 ft = 20,000 dp/m, 2,000 c/m

1 < <------
.--- I

:V

< - -- -- |

< - - --S

< - - - --4

--- --

-I

WELL TEMPORARY
NUMBER: 299-W18-170 WELL NO:
Hanford
Coordinates: N/S N 39.154 E/W W 76,602
State
Coordinates: N 444,259 E 2,218,623
Start
Card #:Not documented T R S
Elevation
Ground surface (ft): Not documented

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
Cement grout

1.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

[ 672.32 ft I

[ ND

E ND I

E ND 

[ 6-in I

I 7-in nom I

Type of filler:
Not documented

6 in casing to -25 ft

Cement plug in bottom
depth not documented

Depth bottom of borehole: t 30ft 

4,0

1-c'

C'!

rN

:---------

<------|

Drawing By: RKL/2W18-170.ASB Date: 10Dec90

Reference:

C1-59



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Drive barrel NUMBER: 299-W18-171 WELL NO:
Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39,010 E/W W 76,604
Driller's WA State State
Name: Baker Lie Nr: Not documented Coordinates: N 444,115 E 2,218,621
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T_ R___ S
Date Date Elevation
Started: 26Jul77 Complete: 09Auq77 Ground surface (ft): 675.2 ft estimated

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

V

0-25: Med-very coarse SAND,
PEBBLES (Fill)

25-27.5: Med-coarse SAND
27.5-37.5: Med SAND
37.5-43: Coarse-very coarse SAND, I

w/PEBBLES & COBBLES
43-47: Fine-very coarse SAND,

w/PEBBLES & COBBLES
47-48: Fine-very coarse SAND & GRAVEL
48-49: Med SAND
49-51: Fine-very coarse SAND & GRAVEL
51-53: Med SAND --------
53-58: Very fine-fine SAND
58-62: Fine-medcoarse SAND
62-65: Med SAND (Dry)
65-67: Very fine-fine SAND <-------
67-69: Silty very fine SAND
69-72.5: Fine-med SAND <--------
72.5-75: Fine-coarse-very coarse SAND
75-87: Very fine-med SAND
87-88: Sittyvery fine-finemed SAND
88-91: Med SAND
91-93: Med-coarse SAND
93-95: Fine-coarse SAND
95-98: Very fine-coarse SAND
98-99: Fine-coarse SAND w/SILT

stringers, few PEBBLES, COBBLES --------
99-102: Med-very coarse SAND,

w/PEBBLES, COBBLES .--
102-103.5: Fine-very coarse SAND,

PEBBLES
103.5-105: Coarse-very coarse SAND & pea GRAVEL, few COBBLES
105-107: Very fine-very coarse SAND w/PEBBLES & COBBLES
107-119: Medvdry coarse SAND, PEBBLES & COBBLES
119-121: Coarse-very coarse SAND, PEBBLES 50%
121-125: Fine-med-very coarse SAND, pea GRAVEL
125-125.5: Very fine-med SAND, few PEBBLES DRILLER
125.5-127: Very fine SAND-SILT Contam
127-132: SILT 87 ft
132-136: SILT, some CaC03  87.5

Drawing By: RKL/2W18-171.ASB Date: 19Feb91

Reference:

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seat:
Cement grout

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of fitter:
Not documented

Depth to bottom, Jan91
128.2 ft (131.2 ft TOC)
Cement plug in bottom,
not well documented
Depth bottom of casing
Depth bottom of borehole:

E 677.65 ft I

t 2.5ft 

[ND 

r MD N

C 8-in

[ 9-in nom I

C 136 ft

'S NOTES
ination encountered:

= 20,000 dp/m
ft = 20,000 dp/m

C1-60



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Drive barrel NURBER: 299-W18-172 WELL NO:
Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39.435 E/W W 76,595
Driller's WA State State
Name: Roberts/Baker Lic Nr: Not documented Coordinates: N 444,540 E 2,218,629
Drilling Company Start
Company: Bach Location: ND Card #:Not documented T_ R_ S
Date Date Elevation
Started: 12Aug77 Complete: 25Auq77 Ground surface (ft): Not documented

Depth to water: Not acolicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-9: Not documented
9-15: Very fine SAND, GRAVEL
15-28: Med-very coarse SAND, PEBBLES
28-33: Med-coarse SAND
33-35: Coarse-very coarse SAND,

few PEBBLES
35-40: Med-very coarse SAND, GRAVEL
40-43: Very fine-fine SAND, 40% GRAVEL
43-46: Coarse-very coarse SAND,

GRAVEL & COBBLES
46-47: Very fine-very coarse SAND

25% GRAVEL
47-50: Med SAND, & 50% GRAVEL
50-50.5: Very coarse SAND & PEBBLES
50.5-54: Silty very fine SAND
54-60: Fine-med SAND
60-63: Fine-med SAND w/SILT stringers
63-64: Fine-med,trace coarse SAND

w/COBBLES
64-67: Med-coarse SAND w/SILT stringers

& COBBLES
67-69: Med SAND
69-69.5: Med-coarse SAND w/PEBBLES
69.5-73: Fine-med SAND
73-75.5: Silty, very fine-fine SAND
75.5-81.5: Fine-med-coarse SAND
81.5-83: Silty, very fine-coarse SAND

w/sparse PEBBLES
83-83.5: Very fine-very coarse SAND

w/PEBBLES

f---
V

-

| -

-- '

83.5-84: SILT-very fine SAND w/50% PEBBLES
84-85: SILT, very fine-very coarse SAND, 40% PEBBLES
85-88: Coarse-very coarse SAND w/40% PEBBLES
88-92: Fine-very coarse SAND w/fewer PEBBLES
92-93: Med-coarse SAND & GRAVEL
93-94: Med-very coarse SAND, pea-size GRAVEL, PEBBLES
94-98: Coarse-very coarse SAND, 50% PEBBLES & COBBLES
98-100: Coarse-very coarse SAND & PEBBLES, some brown sand
100-108: Very fine-very coarse SAND w/PEBBLES & COBBLES
108-112: Silty, very fine-coarse SAND w/PEBBLES & COBBLES
112-114: Med-very coarse SAND w/PEBBLES & COBBLES
114-116: Med SAND
116-121: Med-coarse SAND w/some PEBBLES
121-125: SILT & very fine SAND
125-127: SILT
127-129: Silty very fine SAND
129-134: SILT, flakes of CALICHE @ 134 ft

Drawing By: RKL/2W18-172.ASB Date: 11Dec90

Reference:

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
Cement grout

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filter:
Not documented

Cement plug
not well documented
Depth bottom of casing
Depth bottom of borehole:

DRILLER'S NOTES:
84 ft = wet sample,

like sewage
92 ft = wet sample,
93 ft = no odor

muddy,

sewage

[ 678.07 ft ]

SND _. I

t 0-20 ft I

[ ND ]

1 8-in I

[ 9-in nom 3

t 134 ft

smells

smell

C1-61
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DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Drive barrel NUMBER: 299-W18-173 WELL NO:
Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39,307 E/W W 76,574
Driller's WA State State
Name: Baker Lic Nr: Not documented Coordinates: N 444.412 E 2,218,650
Drilling. Company Start
Company; Not documented Location: ND Card #:Not documented T____ R____ S
Date Date Elevation
Started: 120ct77 Complete: 24Oct77 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-15: Not documented
15-16.5: Med-coarse SAND
16.5-18: Med SAND
18-30: Medvery coarse SAND
30-31.5: Fine-coarse SAND
31.5-33; Med-coarse SAND
33-34.5: Med-very coarse SAND, GRAVEL
34.5-36: Med-very coarse SAND, GRAVEL

COBBLES
36-39: Fine-coarse SAND, GRAVEL, COBBLES 5
39-40: Med-coarse SAND, GRAVEL, COBBLES
40-43: Med-very coarse SAND, GRAVEL
43-45: Fine-coarse SAND, GRAVEL
45-47: Very fine-fine SAND,

SILT stringers
47-48: Fine-med SAND
48-51: Very fine-fine SAND

DRILLER'S NOTES:
Contamination encountered:
15 ft = 40,000 dp/m
16.5 ft = 4,000 dp/m
18 ft = <500 dp/m
24 ft = 20,000 dp/m
30 ft = 20,000 dp/m
31 ft = 90,000 dp/m
31.5 ft = 35,000 dp/m
33 ft = 35,000 dp/m
34.5 ft = 35,000 dp/m
36 ft = 20,000 dp/m
37 ft = 30,000 dp/m
39 ft = 500 to 1,000 dp/m
40 ft = 20,000 dp/m
41 ft = 500 dp/m
42 ft = 2,000 dp/m
43 and 45 ft = <500 dp/m
46 ft = 20,000 dp/m
47 ft = 5,200 dp/m
48 ft = <500 dp/m

I

< --------
.--- I

v: I

- -- I|

< -------

<--------

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

Type of surface seal:
Cement grout

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of fitter:
Not documented

8 in casing to -47 ft

[ 673.31 ft 

[ ND 

END 

E ND 

r 8-in I

[ 9-in nom

--------- | Cement plug
not well documented

I <------- Depth bottom of borehole: S51 ift

C1-62

Drawing By: RKL/2W18-173.ASB Date: 11Dec90

Reference:
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WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Hard toot (nom) NUMBER:'299-W18-174 WELL NO:
Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39,296 E/W W 76,565
Driller's WA State State
Name: Baker Lic Nr: Not documented Coordinates: N 444,401 E 2,218,659
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T____ R____ S
Date Date Elevation
Started: 060ct77 Complete: 110ct77 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED Driller's
STRATIGRAPHY Log

0-14.5: Not documented
14.5-35: Med-coarse SAND, few PEBBLES
35-40: Fine-med-coarse SAND,

GRAVEL, COBBLES
40-41: Med-coarse SAND, large COBBLES
41-43: Fine-med SAND, GRAVEL
43-44: Fine-coarse SAND, GRAVEL
44-46.5: Med-coarse SAND, GRAVEL
46.5-47: Very fine-fine SAND, GRAVEL
47-51: Very fine-fine SAND

DRILLER'S NOTES:
Contamination encountered:
14.5 ft = 40,000 dp/m
15 ft = 10,000 dp/m
16.5 ft = 500-1,000 dp/m
19 ft = 5,000 dp/m
20 ft = 500 dp/m
35 ft = 10,000-20,000 dp/m
36 ft = 10,000 dp/m
37 ft = 500 dp/m
38 ft = 2,000 dp/m
39 ft = 500 dp/m
39.5 ft = 1,000 dp/m
40 & 41 ft = <500 dp/m
42 ft = 2,000 dp/m
43 ft = 500 dp/m
45 ft = 20,000 dp/m
46 & 46.5 ft = 15,000 dp/m
46.75 ft = 20,000 dp/m
47 ft = <500 dp/m
48 ft = 2,000 dp/m
48.5 ft = barely 500 dp/m
49 & 51 ft = <500 dp/m

<--------

< -------

-I

V- - - - |

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seat

Type of surface seal:
Cement grout

I.D. of surface casing
(If present)
Pulling of 10 in casing
and grouting documented

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filter:
Not documented

8 in casing to -47 ft

Cement plug,
not well documented

Depth bottom of borehole:

[ 673.21 ft

[ ND 2

[ 0-19 ft I

[10 in pulled]

I 8-in I

£ 9-in nom 2

[ 51 ft I

Drawing By: RKL/2W18-174.ASB

Reference:

Date: 11Dec90
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WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Dual wall CB & WELL TEMPORARY
Method: Cable toot Method: Drive barrel NUMBER: 299-W18-175 WELL NO:
Drilling Additives Hanford
Fluid Used: None Used: Not documented Coordinates: N/S N 39,117 E/W W 76,600
Driller's WA State State
Name: Baker Lic Nr: Not documented Coordinates: N 444,222 E 2,218,625
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T_ R_ S
Date Date Elevation
Started: 280ct77 Complete: 07Dec77 Ground surface (ft): Not documented

Depth to water: Not applicable

GENERALIZED
STRATIGRAPHY

Driller's
Log

0-26: Not documented, sampled
by dual wall core barrel

26-33.5: Coarse-very coarse SAND
35.5-40: Med-coarse SAND, GRAVEL,

COBBLES
40-41: Sample lost
41-43.5: Silty-fine-coarse SAND, GRAVEL
43.5-48: Med-very coarse SAND, GRAVEL
48-49: Fine-med SAND
49-50: Sample lost
50-53: Fine-med SAND
53-58: Very fine-fine SAND
58-59: Very fine SAND
59-60: Silty fine SAND
60-63: Fine-med SAND
63-69.5: Very fine-med SAND
69.5-71: SILT & very fine SAND
71-77: Very fine to med SAND
77-78: Silty, very fine-fine SAND
78-79: SILT & very fine SAND
79-84.5: Very fine-med SAND
84.5-87: Med SAND, few PEBBLES
87-89: Med-coarse SAND
89-95: Fine-med SAND
95-96.5: SILT & very fine SAND
96.6-98: SILT
98-105: Fine-med SAND
105-109: Very fine-fine SAND
109-112: Fine-med SAND
112-115: SILT stringer & very fine SAND
115-118: Very fine-fine SAND
118-120: Silty very fine SAND DRILL
120-126: SILT & very fine SAND Con
126-130: SILT D

1
1
1
1

Sa
2
2

-------- Elevation 
of reference 

point:(top of casing)
.--- Height of reference point above
:*ground surface

gt:
Depth of surface seat

Type of surface seal:
Cement grout

V

< --------

<--------

< --------

ER'S NOTES:
ntamination encountered:
uat-wall GM readings
3.5 ft = 300 c/m
4 ft = 3,000 c/m
4.5 ft = 1,500 c/m
5 ft = 600-700 c/m
mples
6 ft = 15,000 dp/m
8.5 ft = 30,000 dp/m

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

6 in casing to 121 ft

Cement plug,
Not well documented

Depth bottom of borehole:

30 ft =
32 ft =
33.5 ft
35.5 ft
37.5 ft
38.5 ft
41 ft =
41.5 ft
43.5 ft
46 ft =
48 ft =
49 ft =
50 ft =

20,000 dp/m
20,000 dp/m
= 12,500 dp/m
= 12,500 dp/m
= 1,000 dp/m
= 10,000 dp/m
2,000 dp/m
= 10,000 dp/m
= 20,000 dp/m
40,000 dp/m
20,000 dp/m
30,000 dp/m
27,000 dp/m

[ 670.00 ft

E ND 2

( 0-7 ft

[10 in pulled]

[ 6-in I

E 7-in nom I

S130 ft 

51.5 ft = 51,000 dp/m
53 ft = 40,000 dp/m
55.5 ft = 24,000 dp/m
58 ft = 8,000 dp/m
59 ft = 3,000 dp/m
60 ft = 500 dp/m
61 ft = <500 dp/m
77 ft = 2,500 dp/m
78 ft = 5,000 dp/m
79 ft = <500 dp/m
93 ft = 10,000 dp/m
95 ft = 70,000 dp/m
96 ft = 10-20,000 dp/m
98-100 ft = 500 dp/m

C1-64

Drawing By: RKL/2W18-175.ASS Date: 11Dec90

Reference:

|
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WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 699-38-70 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Bentonite Coordinates: N/S N 38,142 E/W W 70,226
Driller's WA State State
Name: Swain Lic Nr: Not documented Coordinates: N 443,264 E 2,225,001
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T_ R____ S
Date Date Elevation
Started: 17Mav57 Complete: 14Jun57 Ground surface (ft): Not documented

Depth to water: 270 ft Jun87

GENERALIZED Driter's
STRATIGRAPHY Log

0-5: SAND
5-15: Smalt GRAVEL
15-25: Sandy SILT-GRAVEL
25-30: SILT, coarse SAND
30-45: Sandy SILT
45-55: SAND-SILT-GRAVEL
55-70: SAND-SILT
70-72: SAND-small GRAVEL
72-80: SAND-coarse and clean

SAND-SILT
SAND-SILT (harder packed)
SAND-SILT
SAND-SILT-small GRAVEL (water)
SAND-SILT-small GRAVEL
SAND-SILT
SAND-SILT, soft, more CLAY
than SAND
Small GRAVEL-CLAY
CLAY
CLAY-GRAVEL
SAND-SILT-GRAVEL
SAND-GRAVEL, mostly clean
SAND-GRAVEL, a little SILT
SAND-SILT-GRAVEL-CLAY
SAND, SILT and GRAVEL
SAND-GRAVEL
Clean coarse SAND
Fine clean SAND
SAND
SAND-small GRAVEL
SAND-hardpacked
SAND-softer, very fine
SAND-SILT, very fine
SAND-GRAVEL
SAND
Fine SAND and SILT
(caving)

REMEDIATIONS:
Jun 64, Crowe
Installed plastic piezometer tubes
Jul75, M. Bultena, cleaned well
JuL77, Bigham. set cement plug

300-310 ft

- - - -- ------ Elevation of reference point:
(top of casing)

.--- | Height of reference point above
ground surface

Depth of surface seat

Type of surface seal:
None documented

I.D. of surface casing
(If present)

v

<--------I
<----------------------------------I

.............
<--------|--.

[ 710.67 ft 2

[ ND 2

[ ND 3

[ ND I

DRILLER'S NOTE: Casing may be
parted at joint 50 ft from top

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filter:
Not documented

Elevation/depth top of seat
Type of seal: Not documented

Depth top of perforations:
255-320 ft, 3 cuts/ft
320-380 ft, 2 cuts/2 ft

Cement plug, - 300-310 ft

Depth bottom of perforations:

Depth bottom of casing:

Depth bottom of borehole:

[ 8-in

[ 9-in nom 2

C 255 ft I

[ 380 ft

[ 388 ft

E 413 ft

CI-65

CM

'V

0'

80-120:
120-130:
130-190:
190-200:
200-205:
205-220:
220-230

230-245:
245-250:
250-260:
260-265:
265-310:
310-315:
315-320:
320-335:
335-345:
345-350:
350-360:
360-365:
365-369:
369-375:
375-380:
380-390:
390-395:
395-400:
400-413:

Drawing By: RKL/6#38#70.ASS Date: 28Jan91

Reference:

'I



DOE/RL-91-32
Draft B

WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 699-39-79 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used; Aquacel Coordinates: N/S N 39,198 E/W W 78,751
Driller's WA State State
Name: Rumley Lic Nr: Not documented Coordinates: N 444,298 E 2,216,474
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T____ R___ S
Date Date ELevation
Started: 14Auq48 Complete: 07Sep48 Ground surface (ft): Not documented

Depth to water: 265 ft Sep48
204 ft Sep56

GENERALIZED Driller's
STRATIGRAPHY Log

0-25: Fine SAND
25-27: Basalt GRAVEL and SAND
27-30: BASALT and some GRAVEL
30-35: BASALT and GRAVEL
35-45: BASALT, GRAVEL and ROCKS
45-53: Black SAND and GRAVEL
53-60: Basalt GRAVEL and SAND
60-70: Basalt GRAVEL, SAND and some ROCK
70-78: Fine black SAND
78-87: Black SAND and ROCKS and BASALT
87-92: CLAY and fine SAND
92-110: SILT and SAND
110-125: Coarse SAND and SILT
125-140: SILT and fine SAND
140-141: SILT, fine SAND and some CLAY
141-149: CALICHE cemented zone
149-158: Fine SAND, SILT and CLAY
158-162: GRAVEL, BASALT, SAND, SILT

and CLAY
162-170: SAND and GRAVEL
170-183: SAND, GRAVEL and ROCKS
183-190: Basalt GRAVEL and SAND
190-195: Coarse SAND, ROCKS and GRAVEL
195-225: SAND. GRAVEL and ROCKS
225-240: Fine and coarse SAND and GRAVEL
240-250: CLAY, SAND and GRAVEL
250-260: GRAVEL, ROCKS and SAND
260-265: Cemented SAND, ROCK and GRAVEL
265-270: SAND, GRAVEL, ROCKS & BOULDERS
270-280: Fine water SAND and GRAVEL
280-295: Coarse SAND and GRAVEL

REMEDIATIONS:
Sep56, Gentz, perforated 210-265 ft
Aug 75, M. Bultena, cleaned fill
Jun77, Bigham, poured cement plug

II:
- ----

<--------

< -------

-- ---------

Fill ?

-- --- -.

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

| Depth of surface seal

Type of surface seat:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seat
Type of seal: Not documented

Depth top of perforations:
195-210 ft, 4 cuts/ft
210-265 ft. 3 cuts/ft
265-295 ft, 5 cuts/ft

Cement plug, - 240-250 ft

Depth bottom of perforations
Depth bottom of casing:
Depth bottom of borehole

[ 673.58 ft I

[ ND ]

I ND I

[ ND ]

I 9-in nom _

r 195 ft

1 295 ft

C1-66

Drawing By: RKL/6#39#79.ASB Date: 28Jan91

Reference:
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WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard toot (nom) NUMBER: 699-43-88 WELL NO: 699-43-88.5
Drilling Additives Hanford
Fluid Used: Water Used: Aquagel Coordinates: N/S N 43,209 E/W W 88,445
DritLer's WA State State
Name: Chausse Lic Nr: Not documented Coordinates: N 448,284 E 2,206,769
Driling company Start
Company: Not documented Location: ND Card #:Not documented T R____ S
Date Date Elevation
Started: 12Auq48 Complete: 21Dec48 Ground surface (ft): Not documented

Depth to water: Dry Dec48
176.5 ft Dec76

GENERALIZED Driller's
STRATIGRAPHY Log

0-10: Sandy LOAM
10-45: SAND, SILT and CLAY
45-50: SAND, GRAVEL and SILT
50-52: SAND, GRAVEL, SILT and BOULDERS
52-83: SAND, SILT and GRAVEL
83-87: SAND and SILT
87-100: SAND, SILT and GRAVEL
100-103: SAND and SILT
103-110: SAND, SILT and GRAVEL
110-135: SAND and SILT
135-142: SAND, SILT and GRAVEL
142-143: SAND and GRAVEL
143-147: SAND, GRAVEL and SILT
147-148: SAND, GRAVEL, BOULDERS

and CLAY
148-162: SAND, CLAY and GRAVEL
162-167: SAND, GRAVEL, SILT and CLAY
167-186: SAND, GRAVEL and CLAY
186-190: Fine SAND and GRAVEL
190-196: Fine SAND, GRAVEL, CLAY
196-203: SAND, GRAVEL, CLAY and SILT

REMEDIATIONS:
Sep 69, by undocumented
Cleaned out to 200 ft. Perforated
178-198, 1 cut/ft spiraled
Dec76, M Bultena
Cleaned out and attempted
to perforate 177-178 ft
Set cement plug to,~191.5 ft.

S----

Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

Depth of surface seal

1 644.82 ft

[ ND

E ND

Type of surface seal:
None documented

I.D. of surface casing
(If present)

-------- II.D. of riser pipe:
Type of riser pipe:
Carbon steel

< -------
---------I

i i6 <-----
Fill? < - - - -

l------I

Diameter of borehole:

[ ND 2

[ 8-in I

[ 9-in nom I

Type of filter:
Not documented

Elevation/depth top of seal
Type of seat: Not documented

Depth top of
142-152 ft.

perforations: C 142 ft 

178-198 ft. 1 cuts/ft
177-178 ft, 4 cuts/ft

Cement plug, 191.5-~193 ft

Depth bottom of perforations:
Depth bottom of casing:

Depth bottom of borehole:

r 198 ft 

S203 ft 

Drawing By: RKL/6#43#88.ASB

Reference:

Date: 28Jan91
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WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample WELL TEMPORARY
Method: Cable toot Method: Hard toot (nom) NUMBER: 699-49-79 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Topsoil, clay Coordinates: N/S N 48,600 E/W W 79,122
Driller's WA State State
Name: Greenfield Lic Nr: Not documented Coordinates: N 453,699 E 2,216,078
Drilling Company Start
Company: Not documented Location: ND Card #:Not documented T____ R_-_ S
Date Date Elevation
Started: 24May48 Complete: 06Jul48 Ground surface (ft): Not documented

Depth to water:~270 ft Jul48
241 ft Aug56

GENERALIZED Driller's
STRATIGRAPHY Log

0-20: ROCKS
20-22: Grey SAND
22-25: Black SAND
25-30: GRAVEL
30-35: Black SAND
35-40: Black and white SAND
40-45: CLAY, SAND and GRAVEL
45-47: Coarse B&W SAND & little GRAVEL
47-50: Fine B&W SAND, little GRAVEL/CLAY
50-85: SAND, CLAY & little GRAVEL
85-95: SAND & CLAY w/very little GRAVEL
95-117: SAND & CLAY
117-120: SAND, CLAY & ROCKS
120-123: SAND & GRAVEL w/little CLAY
123-130: SAND & GRAVEL
130-135: Grey SAND
135-140: SAND & GRAVEL
140-150: GRAVEL & Little SAND
150-154: SAND & GRAVEL
154-159: SAND
159-160: SAND, GRAVEL & ROCKS
160-163: Fine grey SAND
163-180: SAND & GRAVEL some ROCKS
180-200: SAND & little GRAVEL & ROCKS
200-210: SAND, GRAVEL, ROCKS w/some CLAY
210-225: SAND, ROCKS & some CLAY
225-265: SAND, CLAY & ROCKS
265-270: SAND & silty GRAVEL
270-277: SAND, GRAVEL & little CLAY
277-280: SAND & GRAVEL, some ROCKS
280-285: Silty sandy GRAVEL
285-290: Silty SAND & GRAVEL
290- : SAND & GRAVEL

REMEDIATIONS:
Aug56, Gentz,
Perforated 235-265
Aug74, M. Buttena
Perforated 225-235
Fill to 280 ft
Mar80, M. Bultena
Set cement plug at 279 ft

<------- Elevation of reference point:
(top of casing)
Height of reference point above
ground surface

- - Depth of surface seat

<--------I

---------------------------I

<--------

---------------------------------- I

-Fill 7

<------------------------

[ 689.20 ft ]

[ND ]

[ND 

Type of surface seat:
None documented

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not documented

Elevation/depth top of seal
Type of seal: Not documented

Depth top of perforations:
225-235 ft, 4 cuts/ft
235-245 ft, 4 cuts/ft
245-260 ft, 1 cut/ft
260-265 ft, 2 cut/ft

Cement plug, - 279-280 ft

Depth
Depth

bottom of perforations:
bottom of casing

Depth bottom of borehole:

[ ND

I 8-in

E 9-in nom _

C 225 ft

1 265 ft I
[ -265 ft 3

E 290 ft 3

CI-68

ft

ft

Drawing By: RKL/6#39#79.ASB Date: 29Jan91

Reference:



DOE/RL-91-32
Draft B

APPENDIX C2

FIELD INSPECTION REPORTS
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DON' T SAY IT - WRITE

TO:

FROM:

V. J. Rohay

.. Gardner

H4-56

N3-06

DATE: February 21, 1990

SUBJECT: ZOO West Carbon Tetrachloride IRA, Well Inspections.

Well inspections and borehole camera surveys for wells associated with the 200West Carbon Tetrachloride Interim Response Action have been completed. Atotal of c6 wells were inspectedwith 4 wells being surveyed with the borehole
camera. Copies of the field inspection and camera survey reports are attached
for your review. The wells for which data is provided are as follows:

299-W15-6
299-415-8
299-415-9
299-W15-16
299-W15-82

299-415-84
299-W15-85
299-415-86
299-415-95
299-415-101

299-W18-6
299-W18-7
299-W18-9
299-W18-10
299-W18-11

299-418-12
299-W18-17
299-w18-18
299-418-19
299-W18-20

rN

299-418-24
299-418-65
299-W18-67
299-W18-68
299-W18-76

299-418-77
299-W18-78
299-W18-79
299-W18-80
299-418-81

299-418-82
299-418-85
299-W18-86
299-418-87
299-418-88

299-W18-89
299-418-93
299-418-94
299-18-95
299-W18-96

299-W18-97
299-W18-98
299-W18-99
299-W18-149
299-W18-150

299-W18-158
299-W18-159
299-W18-163
299-W18:164
299-W18-165

299-418-166
299-418-167
299-W18-168
299-418-169
299-418-170

299-418-171
299-418-172
299-418-173
299-W18-174
299-W18-175

The record copies of these reports are on file at the Environmental FieldServices office. Should you have any comments or questions, please contact meon 6-2908. Thank-you.

CC: D.J. Moak
MGG File/LB

SO-03

C2-1

IT ad

P.

699-38-70
699-39-79
699-43-88
699-49-79
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RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

WellNuberaQ9-/5 - / Date 1-;25-171

Inspector (print) -

Signature -

WELL IDENTIFICATION ID MARKINGS

Yes

9 Yes

Yes

6 - - isthewelllabeled?

If yes, should the casing be
relabeled?

Does thewell have a brass marker?

I if yes.is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

S jIrregulari t ies

Q No

5 No

C] No

fo Yes Q No

Q Yes 0No

Joes well have a barber pole?

Does well have an identification sign
-posted at entrance to access route?

J welI located in or around a
particular facility? (e g. 216-A-10 crib,
8-Y Tank Farms, a-Pond. etc.)

Is well located in a radiation zone?

(regular/Damage (describe)

0

U

WELL SITE IDENTIFICATION

Yes 10 No iO no, is one needed?

Yes N No if no. is one needed?

Yes E No

9 Yes f No

if yes. identify facility .7/b- . -

0 Yes NJNo

O Yes (M No

-l .-

If yes. describe zone type

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? - Yes 0 No

Is the cap able to be locked? ( Yes 0 No

is the cap locked? W Yes 9 No

Describe existing problems with well cap, if any. or check none: R None

0 uLaA4IeA#- 3 unirc Cv t ad fivt

0 None X4 ftx4 ft

Irregular/Damage (describe) nlyLC
0 1 an. x8 .in

CONCRETE PAD

0 2 it round Is it damaged? 0 Yes g No

C2-3
- A 6000 499 (a3.1o
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BAKtH PA T S

Four posts. mm 3 in 10, I removable? C Yes R No

it no, describe barrier posts: How many posts? OIh". Diameter of posts?

Is therea removable post? 0 Yes C No - -.

Irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE) INNER, AND OTHER -RECORD IN INCHES

Indicate diameter of casing Describe type of casi (e g. carbon steel, staiess steel, PVC. etc.)
Outer casing: ODjIO: _ i' Type on'&rb sf snl
Inner casing; 00/ID: Type

Other casing; OD/ID; Type

Other casing: ODID: Type

Describe condition of top edge of the highest most casing:
o Jagged [ Uneven S Fairly Level 9 Beveled

Other (describe)

Describe protective casing damage. if any (e.g.. hole in casing, bent, etc.), or check none: U None

Distance from: (check one)

3 Ground Surface P Cement Pad To topedgeof highest most casing 2 9 3

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o3 Hydrostar. 50 Submersible [ Bladder 0 None

Describe type of pump system support:
o Hydrostar Plate A WellSeal 0 )-Hook 9 Steel Cable [ PitlessAdapter

Describe type of pump system:
9 3/4 in. Stainless Steel 1 11/2 in. ABS 1 in. PVC 9 1 112 in. galvanized

irregulariDamage (describe) ')Irm ,

WELL SITE

Describe debris present at well site. if any. or check none: None

Describe well site irregularities (e.g., down in pit, locked building. etc.) or check none: 0 None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 Brass Marker 0 Both None

Other (describe)

isstampclearlyvisible? OYes S No

COMMENTS

H a t~ a .ntaUn flr d sl r4 ,rd h i/ 0 C y

> -P bTta N'kQ, -"42trUd hoicn, 57; otro

/ -9/ f\T79 /92.7f' I/y o f- o)p 9ee> /73"te, u dA
0nf'.A flTA en&+ -tr Jac'., '4 iK6 0And njntno -

)Vn rercbb tr t n w $ / r bV q-he-11PT

q.;. .. 243- gtJ?'S /*'.S' Cn- C2-4 A-6000+499R (03190)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number T - 6,!-/ Date / -29- /

inspector(print) YiY YY) a r .-j- S .(vv-i m 5

Signature 1? C< -{ bvlmlt

WELL IDENTIFICATION ID MARKINGS

M

,It
Wi /4cZ04 ~5'~mAtc

Is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes. isthebrass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

1Z Yes

o Yes

o Yes

] Yes

C

0)

C

No

No

Q Yes No

Irregularities

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib.
B-Y Tank Farms, B-Pond. etc.)

Is well located in a radiation zone?

Irregular/Damage (describe)

WELL SITE IDENTIFICATION

o Yes f.No If no,is one needed?

o Yes 7 No If no. is one needed?

0Yes Q No

g Yes D'No

If yes, identify facility 7

If yes, describe zone type w ,9y (

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? -Yes Q No

Is thecap able to be locked? 0 Yes ( No

Is thecap locked? 0 Yes No

Describe existing problems with well cap, if any, or check none: Q None

CONCRETE PAD

SNone 0 4ftx4ft Q 18 in x in. Q 2 ft round Is it damaged? [ Yes Q No

Irregular/Damage (describe)

C2-5

5 No

- No

O Yes

o Yes

Ir - /yo ,



DOE/RL-91-32
Draft B

OAHKIER POSTS

Four posts. min 3 m. ID, 1 removable? 0 Yes 0 No

if no, describe barrier posts: How many posts? Diameter of posts?

Is there a removable post? 9 Yes 9 No -

Irregular/Damage (describe)

CASING DIAMETERS: OUTER (SURFACE).NNER. AND OTHER -RECORD IN INCHES
indicate diameter of casing. Describe type of casing (e.g. carbon steel, stainless steel, PVC. etc.)

Outercasing: OD/ID: __Type rflrbeA- .-
Inner casing: ODoiD: / Type d rhba" s54e-
Othercasing: ODID: Type ('P ('a
Other casing: OD/AD: Type

Describe condition of top edge of the highest most casing:
o Jagged 0 Uneven J' Fairly Level 0 Beveled -

Other (describe)

Describe protective casing damage, if any (e.g., hole in casing, bent, etc.). or check none: g None

Distance from: (check one)

]A Ground Surface 0 Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar 0 Submersible 9 Bladder E None

Describe type of pump system support:
O Hydrostar Plate 9 Well Seal [ J-Hook 0 Steel Cable 9 Pitless Adapter

Describe type of pump system:
O 314 in. Stainless Steel 9 1 1/2 n. ABS 1 n. PVC 9 1 112 in galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any. or check none: C None

boards r0pe. 1i .(EL re U
Describe well site irregularities (e.g., down in pit, locked buiting, etc.) or check none: $qNone

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing B Brass Marker 9 Both , None

Other (describe)

is stamp clearly visible? 9 Yes R No

COMMENTS

D G? tc) /99'. ,get/ -pfM ,o/.. ,q rs 4r.e 'I; T r (rl"r-'C 2./rfl
-T3 £00"8 t -. ' : o .7 (' .......4

j) mec a.g- s 7 / ./-/u / r

CZ-6 A-6a000.499R A (03/90)bd /I R

A-6000.499R (03/g0)C2-6



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number 4g9-IO, 5 Date /-025-9/

Inspector (print) . 1 C,

Signature

WELL IDENTIFICATION ID MARKINGS

L- -01-P-

.02qq--15 -9

Is the well labeled?
F Yes

] YesIf yes, should the casing be
relabeled?

Does thewell have a brass marker?

If yes, is thebrass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

C No

q No

o Yes r% No

Q Yes 0 No

Q Yes W No

Irregularities

WEl.L SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route 7

-s well Idcated in or around a
particular facility? (e.g. 216-A-10 crib.
8-Y Tank Farms, 8-Pond, etc.)

Is well located in a radiation zone?

.rregular/Dajnage (describe) A CL

o Yes No

0 Yes No

P Yes Q No

O Yes P No

hAs a_- hole

If no. is one needed?

If no.is one needed?

If yes. identify facility Q/&-'Z-9

[ Yes F No

0 Yes i F No

Cr4

If yes, describe zone type

iA 0,-t Sic. c? qw. Casiin

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is thewell capped? - Yes Q No

Is the cap able to be locked? 1 Yes 9 No

is the cap locked? q Yes Q No

Describe existing problems with well cap. if any. or check none: g None

CONCRETE PAD

N None 9 4 ft x 4 ft 9 18 i x I8 in. 0 2 ft round

lregular/Damage (desrribe) ! tncjor -brac' ap

Is it damaged? 9 Yes Q No

C2-7

11



Four posts, min. 3 in. ID. I removable?

if no. describe barrier posts:

Irregular/Damage (describe)

BARRutakPOSTS -DOE7RU~9T32
Draft B

Q Yes @No
How many posts? fl?1...- Diameter of posts?

Is there a removable post? 0 Yes 0 No " -

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER, AND OTHER -RECORD IN INCHES

Indicate diameter of casing. Describe type of casing (eg. carbon steel. stainless steel. PVC. etc.)

Outercasing: CO/ID: 0 7? Type oA n .. e7Ty
Innercasing: OD/ID: t 31g / Type en.rhj n .q
Othercasing: OD/a: C" 3af Type aarbt- , ng.A 4
Other casing: CD/ID: Type

Describe condition of top edge of the highest most casing:

[ Jagged 0 Uneven Fairly Level 0 Beveled

Other (describe)

Describe protective casing damage, it any (e.g.. hole in casing, bent, etc.). or check nbne: 0 None

hl/,. ,*/ /e e as/i

Distance from: (check one)

Ground Surface

J

0 Cement Pad To top edge of highest most casing A 72

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
O Hydrostar, 1 Submersible Q Bladder d None

Describe type of pump system support:
o Hydrostar Plate 0 Well Seal 0 J-Hook 9 Steel Cable 0 PitlessAdapter

Describe type of pump system:
o 314 in. Stainless Steel 0 1 112 i. ABS 0 1 in. PVC 9 I 1/2 in. galvanized

Irregular/Oamage (describe)

WELL SITE

Describe debris present at well site. if any, or check none: J. None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

0 Top edge of highest most casing 9 Brass Marker 3 Both INone

Other (describe)

Is stamp clearly visible? 0 Yes No

COMMENTS

-c +jpt r-. /9240:ha 60' o

liakxac t , r'nr n .rren v n\It s r7 p

A-6000-499R (0300)
C2--8

I



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

WellNumber 219-U5-d Date .14/1121
Inspector (print) 2T QoFMvi A 4

Signature

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to he painted/
repainted thus requiring relabeling?

O Yes (g4Ic

Q Yes Q No

V'Tes

UP,'es

[] No

7 No

Q Yes [jj

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

r0oes wel have an idenrfication sign
poited at entrance to access route?

Is well located in or around a
particular facility? (P g. 216-A-10 crib,
B-Y Tank Farms. 13-Pond. etc.)

Is well located in a radiation zone?

Q Yes &1

5 Yes [i3-lo

O No

Q Yes 2

If no. is one needed?

If no. is one needed?

if yes. identify facility

Q Yes f No

o Yes 5 No

TP, R 4-<LLtc

If yes. describe zone type

Irregular/Damage (describo)

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? [3elS C] No

s the cap able to be locked? [-fes 9 No

Isthecaplocked? [n'ti Q No

Describe existing problems with well cap, if any. or check none: [4-one

CONCRETE PAD

5 None [ru itx 4 ft 9 ISn x 18mn 0 2 ft round It it damaged?

Irregular/Damage (describe)

C2-9

r -

9 Yes 0

A snon A In:qn

T A /N. --

[Dfes



Four putts. iunA. im. ID. I iemoveble?

It no. describe barrier posts:

LIAftftit PISO. DOE/RL-91
W-4'es 9 No Draft B
How many posts?

IS there a removable post? [-Y'e1s 0 N
Diameter of posts? 4 -

Irregular/Damage (describe)

CA SING INFORMATION
CASING DIAMETERS: OUTER (SURFACE).INNER. AND OTHER -RECORD IN INCHES

indicate diameter of casing. Describe type of casing (e.g. carbon steel, stainless steel. PVC. etc.)

Outer casing: OD/ID: '4- 45 2 Type S7Anecd:O -

Inner casing: O/ID: Type

Other casing: OD/ID: Type

Other casing: OD/ID: Type
Describe condition of top edge of the highest most casing:

Q Jagged 9 Uneven Jfla-ly Level 9 Beveled
Other (describe)

Describe protective casing damage. if any (e.g.. hole in casing. bent, etc.). or check none: OardnA

Distance from: (check one)

9 Ground Surface nt Pad To top edge of highest most casing 2 .3 -r4 x -c.Ar Pt4rC

SAMPLING EQUIPMENT INSTALLATION

Describe type at pump system:
aydrostar. E Submersible 9 Bladder C None

Describe t e ot pump system support:
yl1tdrostar Plate [ WellSeal [ J-Houk 9 Steel Cable 0 PitlessAdapte7

Describe type of pump system:
E-14 n. Stamless Steel 9 11/2 in. ABS 9 tin. PVC 91 112 in. galvanized

IrregulanfDamage (describe)

W91.L SITE
Describe debris present at well site. it any, or check none: W-Nfne

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: -46re

SURVEY INFORMATION

Describe survey mask location:

[ly1'op edge of highest most casing . 9 Brass Marker 0 Both 0 None

Other (describe) ?fa SMe or %AL. ca 4 - 709 ftl a F= d44 A
Isstampclearlyvisible? 9 Yes

COMMENTS

D 'rL- 1 -7 .4% be 'os -p9 oF ?a fP Se4, ppeRr 91A-
D1 Regp I 1 1I

f-4 a f4;fl- V/es.. o .'ccecs'n A.- oa
,4a r.Sp Qc -. Cn ttorev,;n/ .. ,g etpcaqd .4 ,YA'~

A-6000.499R(03i90)02-10

a



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number 99-/5 -& Date /-- 59/

Inspector (print) /. T-( r 7Z,

Signature.

WELl. IDENTIFICATION 1D MARKINGS

Is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
withwellID?

Does the casing need to be paintedl
repainted thus requiring relabeling?

Irregularities (201)139 nEltelS 46 e

o Yes lrNo

f Yes Q No

Q Yes I No

0 Yes R No

Yes Q No

e.x/dac(

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-TO crib.
B-Y Tank Farms. B-Pond. etc.)

is well located in a radiation zone?

O Yes No

0 Yes No

F Yes Q No

0 Yes ENo

If no, is one needed?

if no. isone needed?

If yes. identify facility 12/(o -:--9

O Yes I-No

O Yes 30 No

t'i

If yes, describe zone type

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? Yes 9 No

is the cap able to be locked? C Yes t5 No

is thecap locked? ] Yes l|No

Describe existing problems with well cap. if any, or check none: Q None

mdsllolb'- r0pc (v y ol 4-paI2 + (5 CAoprl d \

CONCRETE PAD

"ONone C 4 It x 4 ft 18in, x 18im 0 2 It round Is it damaged? 0 Yes ] No

Irregular/Damage(describe) &l0 Sa(r Cd c5fla ' Ppa ti .

C2-11

A 6000 499(03.90)

-2 9 9 f5-z

0



Four posts. min. 3 in. ID,1removable?

If no. describe barrier posts:

Irregular/Damage (describe)

bAtKIEltPObfS DOE/RL-91-32
0 Yes l No Draft B

Howmanyposts? /IY.. Diameter of posts?,

Is there aremovable post? 9 Yes 0 No 11 "

I
CASING INFORMATION

CASING DIAMETERS: OUTER (SURFACE),.INNER AND OTHER -RECORD IN INCHES

indicate diameter of casing. Describe type of casi § (e.g. carbon steel, stainless steel. PVC. etc.)

Outer casing: ODJID: $' / if Type 0ea-b, e A)

Inner casing: OD/ID: Type

Other casing: 00/ID: ' Type

Other casing: CO/ID: Type

Describe condition of top edge of the highest most casing:
[ Jagged 0 uneven 14 Fairly Level Q Beveled

Other (describe)

Describe protective casing damage. if any (e.g.. hole in casing, bent. etc.), or check none: 6 None

Distance from: (check one)

R Ground Surface 1 Cement Pad To top edge of highest most casing 6 .'

Descrbetypeofpumpsystem: 
SAMPLING EQUIPMENT INSTALLATION

o Hydrostar. Q Submersible Q Bladder g None

Describe type of pump system support:
O Hydrostar Plate 9 Well Seal 3 I-Hook 0 Steel Cable 9 PitlessAdapter

Describe type of pump system:
o 314 in. Stainless Steel 0 1 1/2 i. AS 1 i. PVC 0 1 112 i. galvanized

Irregular/Oamage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: [ None

Oni Se'*A (4 /'" Aes fw
Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: 9 None

Scn* sI&t- 3-1 /D t , Z-9 bui dA9

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 9 BrassMarker 0 Both None

Other (describe)

Isstamp clearly visible? 0 Yes l No

COMMENTS

~~d02'* ~ ~ ~ ~ r O2U ?'S'Lio 4 l0 0 sA5'
?& d Q.=lA~ 06 r! p rs ci 4c-d by Vim,

A-6000-499R (O319O)
C2-12

D
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DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
__ STRUCTURF.FIr-D INSPECTION REPORT

-A

WellNumbert Date /9 5-9/

Inspector (print) / M v) 6 a(f S-- I VW O)',

Signature _4LU 6 v4r-&%n

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, isthe brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

O Yes Z No

DYes Q No

QYes 'XNo

Q Yes Q No

Q Yes No

xkL, -I6 -3 irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib.
B-Y Tank Farms, 8-Pond. etc.)

Is well located m a radiation zone?

3 Yes No

o Yes No

Yes ONo

o Yes No

If no, is one needed?

if no. is one needed?

O Yes No

o Yes No

If yes, identify facility e. /b -'Z - q

If yes, describe zone type _

irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - Yes 9 No

Is the cap able to be locked? 0 Yes No

Isthe cap locked? 0 Yes No

Describe existing problems with well cap. if any, or check none: None

CONCRETE PAD

None 0 4 ft x 4 ft 0 18 in. x 18 in. [ 2 ft round Is it damaged?

Irregular/Damage (describe)

C2-13

o Yes ,BNo

A 6000-A99 (03:90)

I

01

(n

-

--



nfr /Pi -ci -aq
BARRIER POSTS Draft B

Four posts, min. 3 in 0, 1 removable? C Yes 0 No

If no, describe barrier posts: How many posts? mu. Diameter of posts?

is there a removable post? Q Yes Q No

Irregular/Dam age(describe) (rj>l (rIge Lt# ( (,1tVArrevMr d r I A 6?r4'e Injp-r-,J 05 1

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER, AND OTHER- RECORD IN INCHES

Indicate diameter of casing. Describe type of casing (e . carbon steel, stainless steel, PVC. etc.)

Outer casing: 00/ID: Type bar 57 ed
Inner casing: OD/D: Type

Other casing: ODD: Type

Other casing: 00ID: Type

Describe condition of top edge of the highest most casing:
[ Jagged f Uneven f Fairly Level 9 Beveled

Other (describe)

Describe protective casing damage, if any (e.g., hole in casing, bent. etc.). or check none: ] None

A 02g /i ori h Og 4 W00d S'/e's
Distance from: (check one)

Ground Surface Q Cement Pad Totopedgeof highest most casing . 7

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
O Hydrostar -E] Submersible 0 Bladder None

Describe type of pump system support:
o Hydrostar Plate 0 Well Seal 0 I-Hook 0 Steel Cable 0 Pitless Adapter

Describe type of pumpsystem:
O 3/4 in. Stainless Steel 0 1 1/2 in. AS 0 1 in. PVC 0 1 1/2 n. galvanized

trregular/Damage (describe)

WELL SITE

Describe debris present atwell site. if any, or check none: None

Describe well site irregularities (e.g., down in pit, locked building, etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

* ] Top edge of highest most casing [ Brass Marker 9 Both None

Other (describe)

Isstampclearly visible? 9 Yes 9 No

COMMENTS

it? X 4 .- + .4>A. e- Mc. (&-fi o h o-wl )2
/07.-7F' Jdr,,t ' o Z00 . VQ 4 % ysin .

t~n retae. 4p,40 1,uobd ht D/M.
r> rndgnnpo4+e co-nv pr dAepo-d b,1 iPT.

0

A-6000-499R (O3f9O)C2-14



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

~299 -tsJ.s -8

Well NumberC9-1 /5- F-5

Inspector (print) /? .6aSyw'r4'

Signature 1Y1~7?7 /r' 0 t t

WI Date A

-- i ,y? S.

TIFICATION ID MARKINGS

o Yes

o Yes

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

Q Yes

o Yes

Yes

|L No

o No

MJ No

O No

Irregularities

Does well have a barber pole?

Does well have an identification sign -

posted at entrance to access route?

Is well located in or around a
particular facility?(e.g. 216-A-10crib,
8-Y Tank Farms. B-Pond, etc.)

Is well located in a radiation zone?

irregular/Damage (describe)

WELL SITE IDENTIFICATION

o Yes P'±Jo If no, is one needed? ] Yes No

o Yes 7No If no, is one needed? 0 Yes No

1 Yes 0 No If yes, identify facility C-u 9

o Yes 1. No If yes, describe zone type

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

isthe well capped? . Yes 9 No

Is the cap able to be locked? 9 Yes 0,.No

Is the cap locked? Q Yes 1No

Describe existing problems with well cap, if any, or check none; None

CONCRETE PAD

* one 4 t x 4 ft 9 18 in. % 18m 2 ft round Is it damaged? 0 Yes 0 No

Irregular/Damage (describe)

C2-15
A 6000 499(03;901

aI

WELL IDEN

Is the well labeled?

If yes, should the casing be
relabeled?

a

-A

.4

Ow



DOE/RL-91-32
BARRIER POSTS Draft B

Four posts, min. 3 in. ID, 1 removable? Q Yes NNo
If no, describe barrier posts: Howmanyposts? 'n0 n'?. Diameter!)f posts3

is there a removable post? 9 Yes 0 No

irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE.,INNER. AND OTHER -RECORD IN INCHES

indicate diameter of casing. Describe type of casing (e.g. carbon steel, stainless steel, PVC, etc.)

Outer casing: OD/ID: / Type C"zron S a-6r

inner casing: OD/ID: Type

Other casing: OD/ID: Type

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:
3 Jagged Q Uneven a Fairly Level C Beveled

Other (describe)

Describe protective cangdaage. if any (e.g.. hole in casing, bent, etc.). or check none: 9 None

eZ - / '/7ga /wP 5 e weq- sv'de
Distance from: (check one)

R Ground Surface 9 Cement Pad Totopedgeof highest most casing -

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
O Hydrostar 9 Submersible 9 Bladder E None

Describe type of pump system support:
O Hydrostar Plate [ WellSeal 9 J-Hook 0 Steel Cable 0 PitlessAdapter

Describe type of pump system:
o 3/4 in. Stainless Steel 9 1 1/2 in. ABS l 1 in. PVC 0 1 1/2 in. galvanized

irregulariDamage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: 0 None

4 e k /r"A4 / je .e 5s
Describewell site irregularities (e.g.. down in pit, locked building, etc.) or check none: E None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 9 Brass Marker I Both .D None

Other (describe)

Isstampclearlyvisible? 9 Yes 9 No

COMMENTS

No Ot- I v - d0A -ed 10 -.. p ".
T- P>' &.00 00,2" + 96'=/s '

Ato r a c4 i'p ,ommt:AaR..-mx drAko* by -4PT.

C2-16 A-O000-499R (03/90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD

-.

/ o- 9

.*.

,r.-*

.29q -Wa/5 -4'l

I -

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does thewell have a brass marker?

If yes, is the brass marker stamped
Nith well ID?

Does the casing need to be paintedl
-epainted thus requiring relabeling?

'05 Yes Q No

Q Yes g No

QYes tNo

QYes E No

DYes r No

rregularities

WELL. SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib.
0-Y Tank Farms, B-Pond. etc.)

is well located in a radiation zone?

QYes 'No

oYes No

Yes Q No

Q Yes '4 No

If no. is one needed?

If no. isone needed?

If yes, identify facility CO-/ - Z

If yes. describe zone type

o Yes No

0 Yes afNo

c'ad

..jIrregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the wel capped? - Yes 0 No

Is the cap able to be locked? 0 Yes 5 No

Is the caplocked? 0 Yes a No

Describe existing problems with well cap. if any, or check none: $ None

CONCRETE PAD

ONone Q 4 it x 4 It Q 1 Bin x 18 0 0 2 It round Is it damaged? 0 Yes Q No

irregular/Damage (describe)

C2-17

A 6000. 499 (03:Moj

INSPECTION REPORT

Well Number.;?gqq7-H162-9 Date 1-d5-2/

Inspector (print) nInfl &Rn'rd -'--MisoS

Signature L-f77 I or._ n'ono



Four posts. min. 3 in. ID. 1 removable?

If no. describe barrier posts:

Irregular/Damage (describe) "-nLx g

HARRIERPOSTS Draft BDraft B3
DYes ANo
How many posts? f)OYt..' Diameter of posts?

Is there a removable post? 0 Yes 0 No

4
CASING INFORMATION

CASING DIAMETERS: OUTER (SURFACE). INNER, AND OTHER -RECORD IN INCHES
indicate diameter of casing. Describe type of casjig (e.g. carbon steel, stainless steel. PVC. etc.)

Outercasing: 00/D: 2., / Type (Iea rbn 'aA t
Inner casing: ODlD: (.' 71s Type Omtrb, a eim
Other casing: O/ID: Type
Other casing: 00110: Type

Describe condition of top edge of the highest most casing:
o Jagged f Uneven 15 Fairly Level 0 Beveled

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing, bent. etc.). or check none: g None

0

Distance from: (check one)

Ground Surface 0 Cement Pad To top edge of highest most casing . - 0L

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. Q Submersible 0 Bladder f None

Describe type of pump system support:
O Hydrostar Plate ] WellSeal 9 J-Hook 0 Steel Cable Pitless Adapter

Describe type of pump system:
9 3/4 in. Stainless Steel 0 1 1/2 in. ABS 0 1 in. PVC 0 1 1/2 in. galvanized

Irregular/Damage (describe)

WELL SITE
Describe debris present at well site, if any. or check none: 0 None

LiJeil pear-IV Slrrajnd-d 6A, "ktqA e n1 o3

Describe well site irregularities (e.g., down in pit, locked building, etc.) or check none: 9 None

A- '4k . nC e t2 - Cirt 6 rQ&an -cr, <3U6 C- ' zcno 1.

SURVEY INFORMATION
Describe survey mark location:

o Top edge of highest most casing 9 Brass Marker [ Both §9 None

Other (describe)

Is stamp clearly visible? 0 Yes 0 No

COMMENTS

Hen n t I papnr r4otc4ge .h t \.
hr-s Mgy tVt .7 94 = 2( '-- r =51nzsAf- ne .

C2-18 A.6000.499R (OMO



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELDQNSPECTION REPORT

* __

*7 -4

c5 V/1' M

2015.q

Well Number tQ9"4cA/6- 95 Date /- -ql

Inspector (print) /h/t

Signature

WE

Is the well labeled?

A>2 -,W- S/nman

LL IDENTIFICATION ID MARKINGS

If yes, should the casing be
relabeled?

Does thewell have a brass marker?

if yes, is the brass marker stamped
'with welflD?

Does the casing need to be painted/
* epainted thus requiting relabeling?

Q Yes W No

O Yes 0 No

[ Yes FINo

0 Yes Q No

3 Yes 'No

rregularities

WELL SITE IDENTIFICATION

Does well have a bar ber pole 7

oes well have an ident, fication sign
'posted at entrance to access route ?

Is well located in or around a
particular facility? (e.g. 216-A- 10 crib,

J8-Y Tank Farms. B-Pond. etc.)

-Is well located in a radiation zone?

Q Yes INo

[j Yes No

V. Yes 0 No

Q Yes ?No

if no. is one needed?

if no. is one needed?

Q Yes No

fl Yes No

If yes, identify facility '.' -Z-?

If yes, describe zone type

.itregulariDamage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

is the well capped? - I Yes 9 No

Is the cap able to be locked? 0 Yes ONo

Is the cap locked? 0 Yes 5f No

Describe existing problems with well cap. if any, or check none: 9 None

/1& 0, orY ./&o. ,A

CONCRETE PAD

* None 4f

Kregular/Damage (describe)

t x 4 ft S18 in. x 18 in. 9 2 ft round Is it damaged? j Yes 0 No

C2-19

A 6000 499 tO3)90)

17



t'QE/R-9 1-32__?__

BARRIER POSTS Draft B
Four posts.min. 3 in.D. 1 removable? 0 Yes P No t .

If no. describe barrier posts; How many posts? /i... .Diameter of posts?
Is there a removablepost? Q Yes 0 No

lIrregular/Damage (describe) 4 <ct2.-- <,s4 ' u) rmmd M a/e -' ma r,4 Q,3s h'
a roy4h sid.e. a& .ell czlAn

CASINGINFORMATION
CASING DIAMETERS: OUTER (SURFACE) INNER AND OTHER - RECORD IN INCHES

Indicatediameter of casing. Describe type a) casing (e.g. carbon steel, stainless steel. PVC. etc.)
Outer casing: OoDii: g' _ _ _ _ Type 0ar4" sfeel/
Inner casing: OD1D: Type
Other casing: OD/ID: Type
Other casing: COD/ID: Type

Describe condition of top edge of the highest most casing:
o Jagged [ Uneven Fairly Level 9 Beveled -

Other (describe)

Describe protective casing damage, if any (e.g., hole in casing. bent. etc.). or check none: 0 None
62 A a obz an .ea4- 4- oa -ps y' d Pq

Distance from: (check one)

Ground Surface 0 Cement Pad To top edge of highest most casing c 6S'

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar 0 Submersible Q Bladder WNone

Describe type of pump system support:
O Hydrostar Plate 3 Well Seal 0 )-Hook 9 Steel Cable Q Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel Q 1 1/2 in. ABS 9 I in. PVC 0 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any. or check none: None

Describe well site irregularities (e.g.. down in pit. locked building, etc.) or check none: iNone

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 Brass Marker 0 Both Khone

Other (describe)

is stamp clearly visible? 0 Yes ,RNo

COMMENTS

D-T, .' --'9 29 // /,r' hbe/ Idp riAW&-

c) drgenuh. ,Pzioacs dejeni bp kV/'\

A-6A0004991 (03/SO)

11
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DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Photo. Include appurtenance
description of well site include additional
photographs as needed to document
unusual conditions, Label photograph(s)
with well number and date. Sign
photograph(s) then attach to field
inspection report,

"0

.17

Well Number 299 - .J//g- /0/ Date /

Inspector(print) Ml MV1 £air-tcS rvpr

Signature - gj7nrlcy

WELL IDENTIFICATION ID MARKINGS

Isthe wel beled? 5 Yes

if yes. should the in e U Yes C
relabeled?

Does the well have a b ass er C] Yes C

If yes, is the brass marker st ped C Yes C
with wellID?

Does the casing need to be painted/ 0 Yes C
repainted thus requiring relabeling?

Irregularities

] No

No

No

WELL SITE IDENTIFICATION

es weII a barber pc? I Yes f No

Cswell have an identification sign 0 Yes 0 No
posted atentrance to,'Ccessr 7

Is welllocated in or around a c;.J 5 Yes ] No
patticular facility? (e.g. 216-A-10 i
8-Y Tank Farms. B.Pond, etc.)

Is well located in a radiation zone? K Yes [ No

Irregular/Damage (describe) _ _

If no, is one needed?

If no. is one needed?

If yes. identify facility

If yes, describe zone type

E Yes 5 No

o Yes 0 No

INSPECTWELLSLU PROTECTION MEASURES
WEUCAPS

Is thewell capped? 5 Yes f No

Is the cap able to be locked? 5 Yes 5 No

Is the cap locked? 0 Yes 0 No

Describe existing problems with well cap, if any. or check none: on

CONCRETE PAD

None 5 4 it x 4 (t 0 t8 in. x 18 mn 5 2 ft round lsitcdamaged? 0 5 No

IrregulariDamage (describe)

C2-21



Gul p is. min. 3 mu. ID, I ieaovblc?
If no. descn barrier posts:

FIregular/Damage (d ibe)

aARItIE.U5TS DOE/RL-91-32
0 Yes El No Draft B
How many posts? Diameter of posts?

Is there a removable post? 0 Yes 0 No

CASING INFORMATION
CASIi DIAMETERS: OUTER (SURFACEt.,INNER. AND OTHER- RECORD IN INCitES

Indicate diameter of casing. Describ e casing (Cg. carbon steel, stainless steel, PVC. etc.)
Outer casing: OD/ID: Type
Inner casing: 00110: Type
Other casing: OD/ID: Type
Other casing: OD/ID: Type

Describe condition of top edge of the highest most casi
O Jagged ) Uneven u ly Level E Beveled

Other (describe)

Describe protective casing damage, if any (e g., hole in casing. beat. etc.). rc ck none: 0 None

Distance from: (check one)

0 Ground Surface 0 Cement Pad To top edge of highest most casng

SAMPLING EQUIPMENT INSTALLATION
Describe type of pump system:

o Hydrostar. 0 Submersible 0 Bladder 0 None
Describe type of pump system support:

ol Hydrostar Plate U Well Seal Q J-Hook 0 Steel Cable 0 ess Adapter
Describe type of pump system:

o 3/4 in. Stainless Steel Q 1 1/2 in. A8S I in. PVC C 3 1/2 in. galvanned

IrregulantDamage (describe)

WELL SITE

Describe debris present atwell site. if any, or check none: 0 None

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: E None

a /aced A,

SURVEY INFORMATION

Describe survey mark location:

O Top edge of highest most casing a Brass Marker 0 Both 0 None

Other (describe)

Is stamp clearly visible? 0 Yes O No

/1 / .60. COMMENTS
'/ ,'b t/. ' o ,.r , , -v < / V -e toe. //. 1#~-

A-6000.4998 (03690)
C2-22
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DOE/RL-91-32
Draft B -_

RESOURCE PROTECTION GROUNDWATER WELL
_ _ SJRUCTURE FIELDINSPECTION REPORT

0

C0

Well Number Z-- Date / -0-c - F/

Inspector (print) M/) ! tSivtvv

Signature /)Yi? /7 at monn

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

Yes

0 Yes

Yes

>Yes

o No

&No

Q No

Q No

Q Yes No

irregularities

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crb,
B-Y Tank Farms, 8-Pond. etc.)

Is well located in a radiation zone?

Irregular/Damage (describe)

WELL SITE IDENTIFICATION

3 Yes 'Z No If no. is one needed? C Yes No

o Yes 47 No If no. is one needed? 0 Yes V No

Yes [ No If yes, identify facility O 1 /)

C Yes PLNo If yes, describe zone type

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped' . Yes 0 No

Isthecapableto be locked? 0 Yes No

Is the cap locked? 0 Yes No

Describe existing problems with well cap, if any, or check none: 0 None

CONCRETE PAD

0 None 0 4 It x 4 ft I8 in. x 18 in. 0 2 ft round Is it damaged? 0 Yes No

IrregulariDamage (describe)

C2-23
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DOE/RL-91-32
BARRIERPOSTS Draft B

Four posts, min 3 in. ID, I removable? Q Yes No

if no, describe barrier posts: HOW many posts? /0ZL Diameter of posts?

Is there a removable pOst, o Yes 0 No

Irregular/Damage (describe) nn--

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE), INNER, AND OTHER- RECORD IN INCHES

Indicate diameter of casing. Describe type of casing (e.g. carbon steel, stainless steel, PVC, etc.)
Outer casing: OD/ID: Tp dr Type ec b or s f-

Inner casing: 00/ID: Type

Other casing: OD/ID: Type

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:
o Jagged Q Uneven 9 Fairly Level Beveled

Other (describe)

Describe protective casing damage, if any (e.g., hole in casing, bent. etc.). or check none: 3 None

Distance from: (check one)

o Ground Surface Cement Pad To top edge of highest most casing _ _

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar 3 Submersible 3 Bladder None

Describe type of pump system support:
o Hydrostar Plate Q Well Seal 9 J-Hook Q Steel Cable 0 Pitless Adapter

Describe type of pump system;
o 3/4 in. Stainless Steel 3 1 1/2 in. ABS Q 1 in. PVC 0 1 1/2 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: JZ None

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 1 Brass Marker 0 Both 0 None

Other (describe)

Is stamp clearly visible? [ Yes g No

COMMENTS .0 3, j~<

9--~~~~ 02 -z >' -f ~D. 9/ (" 0 3.48 ea.>4 r o/
?4  no~-d.- \Jln)C e 4-etld b ( (

C20_4' e dmr a+'0n d -24t-r A.00.49 (03/9

A-6000-499R (03/90)C2-24



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
_ STRUCTURE FIELD INSPECTION REPORT

Well Number27- 1/S4 7 Date / - $-/

Inspector (print) /i77n fprdt - Sj' oto,3

Signature '-499 7)1 £ at.d. -ZSnvva

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

Yes Q No

QYes No

' Yes QNo

g Yes Q No

Q Yes 'gNo

Irregularities

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib,
B-Y Tank Farms, 8-Pond, etc.)

Is well located in a radiation zone?

Irregular/Damage (describe) _

WELL SITE IDENTIFICATION

o Yes No If no. isone needed?

o Yes No if no, is one needed?

1 Yes [ No

0 Yes No

o Yes

0 Yes

Q No

MNo

If yes, identify facility r t J o - 2 c..

If yes, describe zone type _

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

is the well capped? - 0 Yes 0 No

Is the cap able to be locked? I Yes [ No

is the cap locked? Yes C No

Describe existing problems with well cap, if any, or check none: EANone

E None Q 4ftx4ft

irregular/Damage (dascribe)

S18 in x 18 .in

CONCRETE PAD

p. 2 ft round Is it damaged? X Yes Q No

C2-25

A 6000 99 (0 :.0S
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DOE/RL-91-32
BARRIER POSTS Draft B

Four posts, mm. 3 in. ID, 1 removable? C] Yes No

If no, describe barrier posts: How many posts? /1 /tes Diameter of posts?

Is there a removable post? 0 Yes 9 No

irregular/Damage (describe) ')l/ttx-

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER, AND OTHER-RECORD IN INCHES

Indicate diameter of casing. Describe type of casing (e.g. carbon steel, stainless steel. PVC, etc.)

Outer casing: OD/ID: T' Type /]4>n ZX /
Inner casing: 0D/ID: Type

Other casing: OD/ID: Type

Other casing: OD/ID: Type
Describe condition of top edge of the highest most casing:

E Jagged 9 Uneven Q Fairly Level WBeveled

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing, bent, etc.). or check none: None

.snites Ao/wa-6 '% l hos -Ag /ql- 7-le g 4  /1 gn
Distance from: (check one)

o Ground Surface Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
3 Hydrostar 0 Submersible [ Bladder p None

Describetypeof pumpsystem support:
o Hydrostar Place El Well Seal [ J-Hook 9 Steel Cable [ PitlessAdapter

Describe type of pump system:
O 3/4 in. Stainless Steel E 1 1/2 in. ASS 0 1 in. PVC 0 1 112 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: None

Describe well site irregularities (e.g., down in pit, locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 1Brass Marker 9 Both 3 None

Other (describe)

Isstamp clearly visible? 3 Yes No

-)o7 ddl 1 p 1 r COMMENTS

?7r -is -C-t~ 9/, J2,41 *A 4/rW J > oA o

N22 .0049 0/0

0

C2-26 A-6000.499R (03/90)



DOE/RL-91-32
_ - Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

-r

Well Number Q 4q"' . Date

inspector (print) /V7 R p4 - S/M rWA 5

Signature 4 17/ - §connvtto

WELL IDENTIFICATION ID MARKIN

Is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker7

If yes, is the brass marker stamped
with wellID?

Does the casing need to be painted/
repainted thus requiring relabeling?

yqq.4t-y-q r3/-/
Irregularities -- 1 -

WELL SITE IDENTIFICATION

Does well have a barber pole? 0 Yes No If no, is one needed?

Does well have an identification sign 0 Yes No If no. is one needed?
posted at entrance to access route?

Is well located in or around a
partkcular facility? (e.g. 216-A-10crib.
9-Y Tank Farms. B-Pond. etc.)

.Is well located in a radiation zone?

.Irregular/Damage (describe) __ _

Yes 0 No

/A Yes 0 No

Gs

9Yes 0 No

Ef Yes QNo

0 Yes CZNo

QYes C No

EYes Q No

l Yes ' No

0 Yes |j No

If yes. identify facility

If yes, describe zone type d r/ntnc/ rZad ar

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - ' Yes 0 No

Is the cap able to be locked? 0 Yes V No

Is the cap locked? 0 Yes No

Describe existing problems with well cap, if any, or check none, None

CONCRETE PAD

None 9 4 it x 4 ft 0 1 ain. x rin. 0 2 It round Isit damaged? Q Yes K'Jo

lrregular/Damage (describe)

C2-27

& 6000 499 (03ncy)
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BARHIL{POSTS Draft B

Four posts, min. 3 in. ID, removable? 0 Yes 'N No

it no, describe barrier posts: How many posts? 7771-- Diameter of posts?

Is there a removable post? 9 Yes 9 No

Irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER - RECORD IN INCHES

Indicate diameter of casing, Describe type of c sing (e.g. carbon steel, stainless steel. PVC. etc.)

Outer casing: ODAD: 7 Type (t-rhe9v SI

Inner casing: 00/ID: Type
Other casing: 00/ID: Type

Other casing: 001D: Type
Describe condition of top edge of the highest most casing:

o Jagged Q uneven Fairly Level 0 Beveled

Other (describe)

Describe protective casing damage. if any (e.g., hole in casing, bent. etc.). or check none: None

Distance from: (check one)

Ground Surface Q Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. E Submersible Q Bladder VNone

Describe type of pump system support:
[ Hydrostar Plate Q Well Seal Q J-Hook 0 Steel Cable 0 Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 0 11/2 in. ABS 1 in. PVC 0 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: None

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highestmost casing Q Brass Marker 0 Both EENone

Other (describe)

Isstampclearly visible? E Yes 0 No

COMMENTS

;2-~a Z/-7Y7 t 3. 0 r 2- 0~2 . 3

S
C2-28 A-6000-499R (03/90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

;wz/7-0 -1-?
~ ~rS 44k

Well Number 4'71-A - . Date /r -

Inspector (print) /MM /oltrnd

Signature 7 a -ni&

WELL IDENTIFICATION ID MARKINGS

Is the wel labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

d.,Yes

Yes

o Yes

o Yes

f No

9 No

IX]No

Q No

,oeswell have a barber pole?

Does well have an identification sign
posted at entrance toaccessroute?

4% well located in or around a
particular facility? (e.g. 216-A-1O crib.
f3-Y Tank Farms. B-Pond. etc.)

swell located in a radiation zone?

4,kregular/Damage (describe) . \Ylnfl-L.

WELL SITE IDENTIFICATION

SYes 3 No If no. is one needed?

9 Yes V No If no.isone needed?

Yes 0 No

Yes 0 No

[] Yes

0 Yes

PNo

I No

If yes. identify facility -z/ i

if yes, describe zone type V/ 4rgvvnird ro/thaj

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? . 13 Yes 0 No

Is the cap able to be locked? 0 Yes 5 No

Is the cap locked? 0 Yes % No

Describe existing problems with well cap, if any. or check none: None

CONCRETE PAD

&None 0 4 ft x 4 ft 9 18 in. x 18 in. 0 2 ft round Isitdamaged? 0 Yes O'NO

reqular/Damage (describe) '1ty

* C2-29

Y-

A 6000 495 (01901

Irregularities

Yes 1Z No

T2



DOF/Rl -91.-12- ..3...
BARRIERPOSS Draft B

Four posts. mn. 3 in. ID. I removable? 0 Yes Ca No

if no. describe barrier posts: How many posts? I/7 ... Diameter of posts?

Is there a removable post? 0 Yes 9 No

Irregularioamage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER(SURFACE), NNER, AND OTHER - RECORD IN INCHES

Indicate diameter of casing. Describe type ofcasi g (e.g. carbon steel, stainless steel. PVC. etc.)

Outercasing: OD/ID: 62 Type 0(A ot 3fea
Inner casing: 00/ID: Type

Other casing; 00/10: Type

Other casing: ODal: Type
Describe condition of top edge of the highest most casing:

o Jagged 0 Uneven i Fairly Level 0 Beveled

Other (describe)

Describe protective casing damage, if any (e.g., hole in casing, bent. etc.). or check none: 9 None

Distance from: (check one)

GroundSurface 0 Cement Pad To top edge of highest most casing ./;

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
O Hydrostar. gSubmersible 9 Bladder 0 None

Describe typeofpump system support:
o Hydrostar Plate 0 Well Seal Z I-Hook 0 Steel Cable 9 Pitless Adapter

Describe typeof pump system:
0 3/4 in. Stainless Steel 1 1/2 in, ABS 0 1 in. PVC 0 1 1/2 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any. or check none: None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 Brass Marker 0 Both $None

Other (describe)

Is stamp clearly visible? 0 Yes O NO

COMMENTS

0 T7h9115MrO/M k 4-r& p
/4-) C ci &s~a'2. ~ -Cr ~. wn nni.- raoeh

A-6000.499 (OMGO)C2-30
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DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib,
B-Y Tank Farms. B-Pond. etc.)

Is well located in a radiation zone?

Irregular/Damage (describe)

03

0

WELL SITE ID

Yes lNo

Yes g No

Yes Q No

j Yes Q No

WellNumber " {-A/? 5(( Date I u 29~

Inspector (print) k1i ?i c r . - SM s an.

Signature

WELL IDENTIFICATIO

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is thebrass marker stamped
with well ID?

Does the casing need to be painted
repainted thus requiring relabeling?

Irregularities

ENTIFICATION

if no, is one needed?

If no. is one needed?

N ID MARKINGS

-Ed Yes

Yes

Q No

[ No

o Yes J<No

QYes 0 No

15Yes [j No

0 Yes

o Yes

No

i No

if yes, identify facility S /to - /P

if yes, describe zone type /ft' Z7 ra4/

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? .- j Yes 0 No

is the cap able to be locked? 0 Yes i No

is the cap locked? Q Yes p No

Describe existing problems with well cap, if any. or check none: None

CONCRETE PAD

None 0 4ftx4ft Q 18 in x I8 in. , 2 ft round Is it damaged? 0 Yes 0 No

Irregular/Damage (describe)

C2-31
A6000499 (03:90
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Four posts, mm. 3 in 10. 1 removable?

if no, describe barrier posts:

DOE/RL-91-32
BARRIER POSTS Draft 8

0 Yes No

How many posts? Diameter of n'gsts?

Isthere a removable post? 9 Yes E No

Iregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER(SURFACE). INNER. AND OTHER- RECORD IN INCHES

indicate diameter of casing. Describe type of casi (e.g. carbon steel, stainless steel, PVC. etc.)

Outer casing: 00/D: ( Type i61 r5,n S ke/

inner casing: OD/ID: Type

Other casing; O/ID: Type

Other casing: 00/ID: Type
Describe condition of top edge of the highest most casing:

0 Jagged qcUneven 0 Fairly Level 0 Beveled

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing, bent. etc.), or check none: $rNone

Distance from: (check one)

Ground Surface [ Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:

o.Hydrostar 9 Submersible 0 Bladder N'FJone

Describe type of pump system support:

O Hydrostar Plate 0 Well Seal 0 J-Hook 0 Steel Cable Q Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 9 1 1/2 in. ABS 0 1 in. PVC 0 1 1/2 in, galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: KNone

Jg rot<'" .. tO S'S jn el

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

O Top edge of highest most casing 9 Brass Marker 3 Both Q1one

Other (describe)

is stamp clearly visible? 9 Yes pNO

COMMENTS -_

{}:~.0;fit95' -tz9& : 9|9

0o codr'aarAYL eoir br,Lx2Ch', i clele/,-rW by 1/PP.

IVUCCy iau''Jmsnze- wv ris J~ / 0 ~ t
n C2

C2-32 A-6000-499R (03/90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

--

-. O~tr.46

01 N

Vt -4t
Ra'd rStno

Well Number I/ Date 1_______

Inspector(print) MmF /& yi - SWMa
Signature -V/7i77Z

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker 7

if yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

'&Yes 9 No

& Yes I No

o Yes ISOo

0 Yes Q No

N Yes Q No

Irregularities

WELL SITE IDENTIFICATION

Doeswell have a barber pole?

Doeswell have an identification sign
pIosted at entrance to access route?

fs well located in or around a
particuli facility? (e.g. 2 16-A-10 crib,

-.RY Tank Farms, B-Pond. etc.)

.Lswel located in a radiation zone?

9Yes No

9 Yes No

p Yes Q No

1 Yes QNo

if noisone needed?

If no. is one needed?

If yes. identify facility c::?/&

9 Yes No

0 Yes No

-2? crS

if yes. describe zone type // &V Y-0 1?4

Jtregular/Damage (describe) Vj1' fl _

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? .A Yes 9 No

Is the cap able to be locked? 9 Yes a No

Is the cap locked? 0 Yes No

Describe existing problems with well cap. if any, or check none: 9 None

OQfzn}1n/rA h /# dowAi rn : /f~ia" '/in or4?tY .tS- Ae Z nt (se$ nta4-,J

CONCRETE PAD

None 9 4 It x 4 It C 18 in x I8m. C] 2 It round Isitcdamaged? 9 Yes No

Irregular/Damage (describe)

C2-33
A 6000 499103.90)
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... DOE/RL-91-32
BARRIER POSTS Draft B

Four posts, mm. 3 in. ID, I removable? 0 Yes No

it no, describe barrier posts: How many posts? :4 a - Diameter of posts?

Is there a removable post? 9 Yes 0 No

Irregular/Damage (describe) _

CASING INFORMATION
CASING DIAMETERS: OUTER (TSRFACE), INNER, AND OTHER-RECORD IN INCHES

Indicate diameter of casing. Describe typ of cas g (e.g. carbon steel, stainless steel. PVC. etc.)

Outercasing: ODID: (0 4 Type rarAnvI
Inner casing: ODD: Type

Other casing: 00/10: Type

Other casing: ODID: Type
Describe condition of top edge of the highest most casing:

o Jagged 0 Uneven [ Fairly Level ] Beveled

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing, bent. etc.). or check none: ig None

Distance from: (check one)

KGroundSurface o Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION I
Describe type of pump system: A4 ,k0 Ig I-

o Hydrostar. )Submersible 0 Bladder No e

Describe type of pump system support:
o Hydrostar Place Q Well Seal [3 Ji-Hook Steel Cable 0 PitlessAdaprer

Describe type of pump system:
o 314 in. Stainless Steel 0 1 1I2 in. ASS [3 1 in. PVC i1 112 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site, it any, or check none: 9 None

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: IX None

SURVEY INFORMATION

Describe survey mark location:

O Top edge of highest most casing Q BrassMarker 0 Both XNone

Other (describe)

is stamp clearly visible? 0 Yes No

.7-3-9/ COMMENTS

aT. -a- - /A-.7 ddaq 7-w..

A-6000-4ggR (03190)
C2-34

Ip0



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

.4 - -

WellNumber 2q19q.- I.--l Date 0/;/2 /

Inspector (print) %J' (?Watn4p.

Signature

WELL IDENTIFICATION ID MARKINGS

.t97CS/-/7

Is the well labeled?

If yes. should the casing be
relabeled?

Does thewell have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

ues

U Yes

W-es

3 No

o No

o No

-oes well have a barber pole?

Dges well have an rjentficntion sign
posted at entrance to access route?

Is well located in nr around a
particular facility? (e.g 216-A. 10 crib.
8-Y Tank Farms,. 8-Pond. etc )

swell located in a radiation zone?
g,

irregular/Damage (describe)

WELL STE IDENrIFICATION

0 Yes 4 Ono. isoneneeded?

Yes QXto if no. is one needed?

B'fes ] No

Q Yes [-lko

o Yes

0 Yes

If yes. identify facility -2/c - 2 - / /2 'c_.

If yes. describe zone type

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is tile well capped? & Yes Q No

Is the cap able to belocked? G3-Yes [: No

is the cap locked) y3es U No

Describe existing problems witl, well cap, if any, or check none: aklqone

CONCRETE PAD

Q None 0 4 ft x 4 ft 18 in m 18n Eflt round Is it damaged? /0Yes 0 No

iftrqulartoamage(desqpbe) 24.- In //oK'pl .,

C2-35

Irregularities

] Yes Ei-W

El

11

No

No



Four posts. min. 3 in. ID, I removable?

if no. describe barrier posts:

Irregular/Damage (describe)

DOE/RL-91-

IIAHRRIEIUSTS Draft B
DYes Olao
how many posts? /I/____

Is there a removable post? 0 Yes 3 N

Diameter of posts? c /A

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE. INNER. AND OTHER - RECORD IN INCHES

indicate diameter of casing. Describe type of casing (e.g. car bon steel. stainless steel. PVC. etc.)

Outer casing: OD1: 'C '/ / ' Type C

Inner casing: ODjID: Type _

Other casing: OD/ID: Type _

Other casing: 00/ID: Type
Describe conditional top edge of the highest most casing:

Q Jagged lI Uneven raity Level 0 Bev

Other (describe)

Describe protective casing damage. it any (e 9., hole in casing, bent. etc.). or check none:

/ I- / At d4 A PZemn ., atess AbA,76k

Distance from: (check one)

[ Ground Surface

aWmoa <=-'2

eled -

(3 None

Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. Submersible 0 Bladder 0 None

Describe typeof pumpsystem suppon*:

O Hydrostar Plate m ei Seal [ J'itook 0 Steel Cable [ Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel f 2 n. ASS 3 1 In. PVC 0 I 12 in. galvanized

IrregulariDamage (describe)

WELL SITE

Describe debris present at well site. if any. or check none: F nd

Describe well site irregularities (e.g., down in pit. locked building. etc.) or check none: I21one

SURVEY INFORMATION

Describe survey mark location:

[Wiop edge of highest most casing Brass Maiker 0 Both 0 None

Other (describe) L4J. sea -7,/S -roP QAm o e 4
Isstampclearlyvisible? flYes 9 No

COMMENTS

trrop. .. ~"2 4a.> ' It i m 1 .

&Va r0, eli poAV,.,AA. 4 C /C

II0

A-6000.499R (OMO9)C2-36



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

7--7

WellNumber -2 57- / /e Date .2-./-?/

Inspector (print) /7

Signature 4

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker)

If yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

1B Yes O No

*5Yes 0 No

/| Yes Q No

UYes Q No

i Yes Q No

Irregularities

WELL SITE IDENTIFICATION

well have a barber pole?

uewell have andentification sign
posted at entrance to access route 7

Is well Iocaf Id inor around a
particular facility? (e g. 216-A. to crib.
RI-TTank Farm,. 8 Pond. etc)

Is Wel Iocated in a radiation zone ?

Q Yes ,No

0 Yes E No

(gYes 0 No

o Yes gi'No

If no, is one needed?

if no. is one needed?

If yes, identify facility -

Q Yes V No

0 Yes JB No

If yes. describe zone type

Irreg'lar/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? Yes Q No

Is the cap able to be locked? JgYes 0 No

Is the caplocked? 1 Yes u No

Describe existing problems with well cap, if any. or check none: )2 None

CONCRETE PAD

* None
[ j ft I 4 It

rregularioam.age (describe)

0 18 1 .
o ra -- in.

LJ 2 ft round

>;3 o,'rc esi

Is it damaged? gr Yes Q No

C2-37

M9-W/



Four posts. min, 3 in. 10. 1 removable?

it no. describe barrier posts:

DOE/RL -1 2
BAH itRELOSTS Draft B

Q Yes ,R No

How many posts? Diameter of posts?

is there a removable pust? 0 Yes 0 No

Irregularflamage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER(SURFACE), INNER. AND OTHER - RECORD IN INCHES

Indicate diameter of casing. Describe type of casing (e.g. carbon steel. stamiless steel. PVC. etc.)

Outer casing: OD/AD: ? " t;n Type ' 4 k~ Ste /

Inner casing: OD/D: Type

Other casing: ODD: Type

Other casing: ODD: Type
Describe condition of top edge at the highest most casing:

Q Jagged Q Uneven O,~Faily Level 0 Beveled

Other (describe)

Describe protective casing damage. if any (eg.. hole in casing. bent. etc.). or check n6ne: 0 None

Distance from: (check one)

5f Ground Sur face 9 Cement Pad To top edge at highest most casing 5 0

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. Z) Submersible 0 Bladder 0 None

Describe type of pump system support:
o Hydrostar Plate fl Well Seal Q J-Hook Q Steel Cable Pitless Adapter

Describe type of pump system:
o 314 in. Stainless Steel 9 1 /2m. ABS faI in. PVC 0 1 1/2 in. galvanized

irregtlarnDamage (describe)

WELL SITE

Describe debris present at well site, it any, or check none: -n None

Describe well site irregularities (e.g.. down in pit. locked building. etc.) or check none: .a None

SURVEY INFORMATION

Describe survey mark location:

o Top edge ot highest most casing Q BrassMarker 0 Both N None

Other (descria)

Isstampclearly visible? O Yes 0 No

COMMENTS

crc~t 7 o|,sYr7 ...

C2-38

4

I

0

A-6000-49981(O3/9)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTJJ!REJELDJNSPECTION REPORT

-*- - - ---

Tip -.

~~- -

- I

-4

WellNumber a?9%&J/Y / Date __ I- __

Inspector (print) n & 4 1rA . S'4v,,or.s

Signature <i/?/ (rot - .- %.Po'

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

'Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
yepainted thus requiring relabeling?

[fYes

Yes

Yes

0 Yes

Yes

o No

O No

o No

JQ No

O No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility ? (e.g. 216-A-10 crib,
B-Y Tank Farms. B-Pond, etc.)

is well located in a radiation zone?

EYes 'pNo

flYes 1No

r Yes QNo

OYes No

If no, is one needed?

If no. is one needed?

If yes. identify facility 5MA 0

o Yes Q No

Q Yes 0No

23 e 9 Z

if yes, describe zone type

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEA SURES
WELLCAPS

Isthe well capped? . 6 Yes f No

Is the cap able to be locked? Yes 0 No

Is the cap locked? X Yes 9 No

Describe existing problems with well cap, if any, or check none: $ None

CONCRETE PAD

0 None C 4ftx4ft 9 18 n. x 18 in. 2 ft round Isit damaged? Q Yes No

Irregular/Damage (describe)

C2-39

A 6000-499 (03.'90)

C,'

*1



DOE/RL-91-32
BARRIER POSTS Draft B

Four posts, mm. 3 in. ID, 1 removable? f Yes $ No

if no. describe barrier posts: How many posts? )1 -nc .- Diameter of posts?_.

Is there a removable post? 9 Yes 0 No

Irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER -RECORD IN INCHES

Indicate diameter of casing. Describe typ of casign(e.g. carbon steel, stainless steel. PVC. etc.)

Outer casing: OD/D: ( 8 / /Type ('Pr sf -, aP d
Inner casing: OD/ID: Type

Other casing: ODAD: Type

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:

3 Jagged 9 Uneven 6 Fairly Level 9 Beveled -

Other (describe)

Describe protective casing damage, if any (e.g., hole in casing, bent, etc.). or check none: $None

Distance from: (check one)

o Ground Surface Cement Pad To top edge of highest most casing -?- 5\

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar Submersible 9 Bladder [ None

Describe type of pump system support:
o Hydrostar Plate _ Well Seal 9 J-Hook 9(Steel Cable 0 Pitless Adapter

Describe type of pump system:

O 3/4 in. Stainless Steel E 1 1/2 in. ABS 1 in. PVC I 1/2 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: None

Describe well site irregularities (e.g., down in pit, locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

9 Top edge of highest most casing 9 Brass Marker jsBoth 0 None

Other (describe) aOLI-h, i S .cLLn f l 'r-,', s S ldvt)

isstamp clearly visible? 0 Yes No

COMMENTS

A U ,e. /pt/''OL A'7 prctu/:M ,Ipn,-r r

d4P c eai" ' Ty j - , /e

C2-40 A-6000-499R (03/90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD

13/'- 9/~

r ~.

a- L

WELL IDENTIFICATION ID MARKINGS

I . r7"T. rsqzi~p4~*11. - *~K.r* ,.l-J-~-
~. 4* - s...th.6 9

4A~,9 *

I, (~A*t-:j~j 'I

* . , k~.><4sr~t t2 0 fiT  
:

r~6; ~sW ~A.4 k:' r-
-, -,

....

* '-.. *-~ sz~k ~
* .-- I..

lIt

Yes

Yes

o No

O No

WELL. SITE IDENTIFICATION

Does well have a barber pole?

'Doeswell have an identification sign
posted at entrance to access route?

Is well located in or around a
.particular facility? (e.g. 216-A- 10 crib.
B-Y Tank Farms. B-Pond. etc.)

Is well located in a radiation zone?

Irregular/Damage (describe)

O Yes No

o Yes 0 No

SYes Q No

DYes N No

if no. is one needed?

If no. is one eeded?

if yes. identify facility

OYes PNo
flYes I$ No

If yes, describe zone type

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

is the well capped? i Yes 0 No

Is the cap able to be locked? W Yes C No

is the cap locked? P Yes 0 No

Describe existing problems with well cap. if any. or check none: J[ None

CONCRETE PAD

0 None 0 4 ftx4 ft 18in. x S on. T2 ft round Is it damaged? Yes f No

irregulas/Damage (describe) 4c t... (,'f /L ' a,4 (' '+g;a

C2-41

_INSPECTION REPORT

WellNumber .g- J ') Date

Inspector (print) /rh i 6 ct/c- S ImmaAwt.s

Signature 4it 17 aL--

SYes f No

f Yes WNo

X Yes 0 No

Irregularities

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?



DOE/RL-91-32
IIARRIERPOSTS Draft B

Four posts. min. 3 ID. I removable? 0 Yes - No

If no. describe barrier posts: How many posts? rn7VUL.- Diameter of posts?

Is there a removable post? Q Yes f No

irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE), INNER. AND OTHER - RECORD IN INCHES

Indicate diameter of casing Deswbety oficpsing eg. carbonsteel.stainlesssteel.PVC.etc.)

Outer casing: 00o: e- Type _ar-tni s J
Inner casing: OD/ : Type

Other casing: ODD: Type

Other casing: O0Dn: Type

Describe condition of top edge of the highest most casing:
o Jagged C Uneven Fairly Level [ Beveled

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing, bent. etc.),4r check none: f None

keil in nse wAe-. tnzlrn ,vcrtL -I6 jn

Distance from: (check one)

O Ground Surface Cement Pad To top edge of highest most casing a.50 '

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
O Hydrostar. 0 Submersible 0 Bladder None

Describe type of pump system support:
o Hydrostar Plate [ Well Seal [3 J-Hook 0 Steel Cable [3 Pitless Adapter

Describe type of pump system:
O 3/4 in Stainless Steel 0 1 1/2 in ABS 1 Iin PVC 9 1 12 n. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site, af any, or check none: None

Describe well site irregularities (e.g.. down in pit. locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most 4 ing Brass Marker 0 Both [ None

Other (describe) /70A s(.la'4,f2 e -4 /' as /go r'<
Isstampclearly visible? f Yes p'No

COMMENTS

I 19 . 7? C : a,- A o
13: - -,,7-2-3-? +2 V- /3 = .d/F

C2-42 A-6000 AgCJR (01190



DOE/RL-91-32
. Draft B -

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

I .4

Well Number ,297-W4 I9 k Date /-3/- q I

inspector(print) MM) 401 Is a.1'rr iv S5

Signaturet *1 S/q&4 ac'

WELL IDENTIFICATION ID MARKINGS

- - If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

0 Yes Q No

EYes 0 No

es 0 No

4 Yes Q No

Yes Q No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib,
B-Y Tank Farms, B-Pond, etc.)

Is well located in a radiation zone?

] Yes No

0 Yes No

Yes Q No

QYes RNo

if no, s one needed?

If no, is one needed?

] Yes jNo

o Yes No

Iork, arss coif -
It yes, identify facility Q/# cftit

If yes, describe zone type

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - {Yes 0 No

Is the cap able to be locked? Yes DNo

Is thecap locked? [l Yes C No

Describe existing problems with well cap, i any, or check none: g None

CONCRETE PAD

C None 04ftx4ft ] IBin. x 18 in. 2 ft round Is it damaged? Q Yes NO

Irregular/Damage (describe)

C2-43

Is the well labeled?

C, 9-k'-5. -Y Stot

7,4

0'

A 64OQ.4qq tQi r



DOE/RL-91-32
BARRIER POSTS Draft B

Four posts. min. 3 in. ID, 1 removable? ) Yes 0 No

If no, describe barrier posts: How many posts? Diameter of posts?

Is there a removable post? Yes O No

Irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE), INNER, AND OTHER - RECORD IN INCHES

Indicate diameter of casing. Describe type of casing (e.g. carbon steel, stainless steel, PVC, etc.)

Outer casing: OD/ID: 4 Type a40S SI1e--
Inner casing: CD/ID: Type

Other casing: OD/10: Type

Other casing: 00/iD: Type

Describe condition of top edge of the highest most casing:
o Jagged E Uneven I Fairly Level 0 Beveled -

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing, bent, etc.), or check none: None

Distance from: (check one)

o Ground Surface d Cement Pad To top edge of highest most casing Q. 2 4 r,,, oan. /bA

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
4 Hydrostar 0 Submersible [l Bladder 9 None

Describe type of pump system support:
OHydrostar Plate l Well Seal 9] J-Hook Q Steel Cable 9 Pitless Adapter

Describe type of pump system:

[ 3/4 in. Stainless Steel 9 1 1/2 in. ABS 0 1 Im. PVC 0 1 1/2 in galvanized

irregulariDamage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: None

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: Q1JNone

SURVEY INFORMATION

Describe survey mark location:

[ Top edge of highest most casing Brass Marker 0 Both 9 None

Other (describe)

is stamp clearly visible? M Yes [ No

Il COMMENTS

D-r/ L pie ,,.eV' a AvD..V ./rn Tus 'cr/c/-

S/oca /a.J cs- An. wal&

0

C2-44 A-6000-4ggRa( 09)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
BFSTRUCTURE.ELDINSPECTION REPORT

- L

S 74Z
4'

I~.;. ~

it I'.

- S. * '%"s~et

SV-9/ 4i-f

WelNumber ,24-/6.6 Date o ~9M/

Inspector (print) /71 N? ' /c, QSmi ,tnn (

Signature gRctwL_ tnnnonor/

WELL IDENTIFICATION IDMARKINGS

is the well labeled? o Yes

Is Yesif yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well 16?

Does the casing need to be painted/
repainted thus requiring relabeling?

[ No

] No

O Yes KNo

0 Yes Q No

9 Yes 0 No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole ?

Does well have an identification sign
posted at entrance to access route?

js well located in or around a
Sarticular facility? (e g. 216-A- 10 crib,
8-Y Tank Farms, B-Pond, etc.)

Is well located in a radiation zone?

OYes PNo

0 Yes No

Yes QNo

Yes QNo

if no. is one needed?

if no. is one needed?

If yes, identify facility azle -2-ii9

If yes, describe zone type

o Yes NNo

o Yes ) No

7- 49 d

Irregular/Damage (describe)
-T

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - Yes 0 No

Is the cap able to be locked? Q Yes lRNr,

Is the cap locked? 0 Yes SNo

Describe existing problems with well cap. if any, or check none: . Q None

- CONCRETE PAD

None Q 4 ft X4 ft

Irregular/Damage (describe)

0 18 in x 8m,. 0 2 ft round is it damaged? 0 Yes [:I No

C2-45
000 s SS4q (Qo 9)



Four posts. min. 3 in. 10, 1 removable?

if no, describe barrier posts:

Irregular/Damage (describe)

. UU t/ K .- -..

eARRIkRPO!TS Draft B
Q Yes R No

How many posts? --00Ie Diameter of posts?

Is there a removable post? 0 Yes 9 No -

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER.AND OTHER - RECORD IN INCHES

indicate diameter of casing. Describe ty eof aingeg. carbon steel, stainless steel, PVC. etc.)

Outer casing: o0io: Z' Type 1 r-6.s0"

Inner casing: OD/ID: ' -Type t in-t /eTSS .

Other casing: OD/ID: Type

Other casing: ODD: Type
Describe condition of top edge of the highest most casing:

o Jagged 9 Uneven 9 Fairly Level 0 Beveled

Other (describe) /ay7o W a ./- *0 -
Describe protective casing damage, if any (e.g.. hole in casing, bent. etc.). or check none: 2 None

Distance from: (check one)

9 Ground Surface 0 Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. 9 Submersible 9 Bladder X None

Describe type of pump system support:
[ Hydrostar Plate [ Well Seal 9 J-Hook 9 Steel Cable 3 Pitless Adapter

Describe type of pump system:
O 3/4 in. Stainless Steel 9 1 1/2 n. ABS [ 1 in. PVC 0 1 1/2 in. galvanzed

IrregulariDamage (describe)

WELL SITE

Describe debris present at well site, it any, or check none: None

Describe well site irregularities (e.g., down in pit, locked building. etc.) or check none: 0 None

Aplea 2 4pe' M l, 4 C hz o/tae- ri\ -- L 9 6/0 . tra

SURVEY INFORMATION

Describe survey mark location:

o Top edge othighest most casing 9 Brass Marker 3 Both 0 None

Other (describe) t /oo.-A/t.- / oa

Is stamp clearly visible? O Yes l No

COMMENTS

'IAIrN 4, ,m /ra.. ,A rorr w/trbI p . s-a a mibdtk

A-6000-499R (03i90)
C2-46
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DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Photo. Include appurt nce
description of well site. Include additi I
photographs as needed to document
unusual conditions. Label photograph(s)
with well number and date. Sign
photograph(s) then attach to field
inspection report.

Does welllazve a barber pole?

WellNumber ??-el/-k-67 Date

Inspector (print)

Signature : A t

WE

Ie welllabeled?

.2-7- 9/

LL IDENTIFICATION ID MARKINGS

0 Yes t No

s, should the casing be J Yes 0 No
relab .

Does thewellha brass marker? f Yet f No

If yes, is the brass marker st ed 0 Yes 0 No
with well 10?

Does the casing need to be painted/ [ Yes C3 No
repainted thus requiring relabeling?

Irregularities

WELL SITE IDENTIFICATION

: Yes O No

'Doeswell have an'inlsfir*n sign O Yes 0 No
posted at entrance t

liwell located in or around aK fl Yes Q No
particular facility? (e.g. 216-A-I0
9-Y Tank Farms. R-Pond. etc.)

Is well located in a radiation zone? Yes 0 No

regular/Damage (describe)

If no. is one needed?

if no. is one needed?

If yes, identify facility

If yes, describe zone type

Q Yes O No

D Yes f No-

INSPECTWELLSU OTECTIONMEASURES
W CAPS

Is the well capped? 0 Yes 0 No

Is thecapable tobe locked? 0 Yes f No

Is the cap locked? 0 Yes 0 No

Describe existing problems with well cap. if any, or check none:

CONCRETE PAD
0

0 None 0 4 ft x 4 ft Q lain. x lin. 2ft round Is it damaged? 0 0 No

tiregulariDamage (describe)

C2-47
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Eump s.s.. 3ma. ID. Ireoai

It no. descri barrier posts:

liregular/Damage (de ribe)

DOE/RL-91-32
Q Yes 0 Nu Draft B
Howmany posts? Diameter of posts?

Is there aremovable post? Yes C No

CASING INFORMATION
CASI DIAMETERS: OUTERFSURFACE). INNER. AND OTHER -RECORD IN INCHES

indicate diameter of casing. Describe e casing (e.g. carbon steel. stainless steel. PVC, etc.)
Outer casing: OD/ID: Type
Inner casing: OD/ID: Type
Other casing: OD/ID: Type

Other casing: 0010: Type
Describe condition of top edge of the highest mocasi

Q Jagged E Uneven [ - i 0 Beve

Other (describe)

Describe protective casing damage, if any (e.g.. ho ing, bent. ea(. o ci none: 0 None

Distance from: (check one)

[ Ground Surface 0 Cement Pad To top edge of highest most casmg

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
0 Hydrostar. 0 Submersible Q Bladder 0 None

Describe type of pump system support:
o3 Hydrostar Plate 0 Well Seal 0 I-Hook 0 Steel Cable 0 lessAdapter

Describe type of pump system:
0 34 in. Stainless Steel 0 1 1/2 n. ABS 1 in. PVC 0 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, it any, or check none:

Describe well site irregularities (e.g.. down in pit.locked building. etc,) or check none:

0 None

o None

/k ra 'n9 0 .oo)>r,9 / Oreo kr: ,./- 2- /6' Afe -A'e/." /oce4/C-ee.

SURVEY INFORMATION

Describe survey mark location:

[ Top edge of highest most casing [ Brass Marker Both 0 None

Other(descibe) /. de. erintn e.
Is stampclearly visible? [ Yes Q No

COMMENTS

eQ4// A A a CoPe A. pateW y/ a-*t iWrs S74
Pt p nr'm'n1 O7

A-6000-499ft (03/90)

C2-48
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DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number R7- /7//f - 6a Date 2Z- z t/

Inspector (print) 7t4 .A'. 1/

Signature %; '1

Well oto. Include appurtenance WELLIDENTIFICATION D MARKINGS
descripti of well site. Include additional
photogra s as needed to document No
unusual con tions. Label photograph(s) Isthewell labeled? 0 Yes C
with well n bet and date. Sign
photograph(s) then attach to field ifyesshouldthecasingbe 0 Yes 0 No
inspection report. relabeled?

Does the well have a brass marker? 5 Yes 3 No

If yes, is the brass marker stamped C Yes [ No
with welt ID?

Does the casing need to be painted/ 3 Yes 0 No
repainted thus requiring relabeling?

L irregularities

WELL ENTIFICATION

Does well havea barber pole? fYes 0 No If no, isone needed? 0 Yes 0 No

Doeswell have an identification sign 0 Yes 0 No ' If no. is one needed? Q Yes 0 No
potted at entrance to access route?

Is well located in or around a 0 Yes 0 No entify facility
garticular facility? (e.g. 216-A. tO crib.
8-Y Tank Farms, B-Pond, etc.)

Iwell located in a radiation zone ? 0 Yes 0 No If yes. d one type

irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEA SURES
WELL, CAPS

Is the well capped? Yes 0 No

lsthe cap able tobe locked? ] Yes C No

Is the cap locked? 5 Yes E No

Describe existing problenswith well cap. if any, or check none: 0 None

CONCRETE PAD

U None 0 4 ft x 4 ft E l ain. x 18 in. 0 2 ft round It it damaged? )Yes No

IrregulariDamage (describe)

C2-49



xxx &DOE/RL-91-32

four poh s. mn.3 m.i0.1 removable? Q Yes J No Draft B
If no. descn barrier posts: How many posts? Diameter of posts?

Is there a removable post? 3 Yes 0 No

IrregularDaamgae (do ibe) AihW

CASING INFORMATION
CASI DIAMETERS: OUTER SURFACE)r INNER, AND OTHER -RECORD IN INCHES

Indicate diameter of casing. Describe ea casing (e.g. carbon steel. stainless steel. PVC. etc.)

Outer casing: OlD: AType

Inner casing: 00/10: Type

Other casing: OD/ID: Type -

Other casing: 00110: Type
Describe condition of top edge at the highest most casi

Q Jagged 0 Uneven 0 evel . B eveled

Other (desribe)

Describe protective casing damage, it any (e.g.. hole in ca ing. bent. etc. c o one: 3 None

Distance from: (check one)

[ Ground Surface 0 Cement Pad To top edge at highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:

] Hydrostar. 3 Submersible o Bladder Q None

Describe type at pump system support:
o3 Hydrostar Plate Q weil Seal 0 J-klook 0 Steel Cable 0 less Adapter

Describe type of pump system:
o 314 in. Stainless Steel Q1 1/2in. ABS 0 1 in. PVC f 1 112 in. galvanized

Irregular/Damage (desciatie)

WELL SiTE

Describe debris present at well site. it any, or check none: 0 None

Describe well site irregularities(e g., down in pit. locked building.etc.) or check none: 0 None

$0
f7/ec. p C~tet in ,c voreflt 9/ Oree ir/ .- t-2- in fU rvr '0Cfl.

SURVEY INFORMATION

Describe survey mark location:

Q Top edge of highest most casing 0 Brass Marker 9 Both 9 None

Other (describe) 6 4/A/0 t/ O eierr? /C
isstampclearlyvisible? DYes DNa

COMMENTS

-7h 9-A -7iZ

I4
A-6000-4991 (0390)

C2-50



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

-a

Ilfr- W / '76 A /
M '&/0.2r

II
Doeswell have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib.
B-Y Tank Farms. B-Pond. etc.)

Iswell located in a radiation zone?

Irregular/Damage (describe)

WellNumber /9 -IL? 7&.. Date $*-j

Inspector (print) 4n /n e r-- eS1/%mGr 0 sZ

Signature t- f -M A7n

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

if yes, should the casing be
relabeled?

Doesthewellhaveabrass marker?

If yes, is the brass marker stamped
withwellID?

Does the casing need to be painted/
repainted thus requiring relabeling?

o Yes

o Yes

I Yes

o Yes

N Yes

q No

o No

$ No

Q No

0 No

irregularities

f Yes RNo

0 Yes f o

/%flV1

WEL.L SITE IDENTIFICATION

O Yes No If no, is one needed?

o Yes No If no. is one needed?

Yes Q No

P.Yes fJNo

If yes, identify facility a /,,z - .3-z/

If yes. describe zone type 'q542r,

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - 6 Yes 0 No

Is the cap able to be locked? 0 Yes WNo

Is the cap locked? 0 Yes 20 No

Describe existing problems with well cap. if any, or check none: 0 None

(1r:lo;o )' 4-07-- en4,aL t A

None Q 4 ft x 4 ft

Irregular/Damage (describe) _

0 18 in. t 18 in.

CONCRETE PAD

l Zft round Is it damaged? O Yes 0 No

C2-51
A.6000.499(03;90)

V-



Four posts. mm. 3 in. ID. I removable?

it no, describe barrier posts:

BARRILK POSTS DOE/RL-9
Draft I

O Yes [ No

How many posts? A /vt.-'

Is there a removable post? O Yes O N

Irregular/Damage (describe)

-32

Diameter of posts?

0

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE. INNER. AND OTHER - RECORD IN INCHES

Indicate diameter of casing. Describe type of casi (e .. carbon steel, stainless steel, PVC. etc.)

Outer casing: OD/ID: (g T Type V 0 rt 1160
Inner casing: ODD: Type

Other casing: OD/ID: Type

Other casing: O/ID: Type
Describe condition of top edge of the highest most casing:

% Jagged Q Uneven Q Fairly Level 0 Beveled

Other (describe)

Describe protective casing damage. if any (e.g.. hole in casing, bent. etc.). or check d'one: 0 None

Distance from: (check one)

9 Ground Surface 0 Cement Pad To top edge of highest most casing

SAMPLING EOUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. 0 Submersible 0 Bladder jNone

Describe type of pump system support:
[ Hydrostar Plate 3 well seal 0 -Hook E Steel Cable 0 PitlessAdapter

Describe type of pump system:
o 314 in. Stainless Steel 0 1 1/2 in. ABS Q 1 in. PVC 0 1 1/2 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any. or check none: None

Describe well site irregularities (e.g., down in pit, locked building, etc.) or check none: 0 None

dam in T-( A 1-l e- /-8ka area .

SURVEY INFORMATION

Describe survey mark location:

0 Topedge of highestmost casing 0 Brass Marker 0 Both (None

Other (describe)

is stamp clearly visible? OfYes ONo

COMMENTS

(VM. r4derled ny.£ mb talMAWm
T-A /(,. 6 . 1t9.4' A9/o9a -in Ln

A-6000-499R (03190)
C2-52
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DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

,, %L 0 a -

A."

Well Number &0?7-k&--4 77 Date .2-11

Inspector (print)

Signature _ (1- m &cat

WELL IDENTIFICATION ID MARKINGS

Is the well labeled? Yes

If yes, should the casing be
relabeled?

Does thewellhavea brass marker?

If yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

9 No

V Yes 0 No

OYes No

O Yes Q No

f5 Yes Q No

irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
iosted at entrance to access route?

iswelllocated in or around a
particular facility? (e.g, 216-A.TO crib,
a-Y Tank Farms. B-Pond. etc.)

Aswell located in a radiation zone?

QYes No

0 Yes No

Yes

I Yes

Q No

Q No

If no. is one needed?

If no. is one needed?

Q Yes 0No

U Yes KNo

If yes. identify facility 01n - 27 l ., i

if yes, describe zone type S7r 4 ( c- co'n-c ha7%,v
-rnregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - l$Yes C No

Is the cap able to be locked? 0 Yes (A No

is the caplocked? 9 Yes P No

Describe existing problems with well cap. if any, or check none: 0 None

ra991 awd entab-. lo be.. r ,ryexk <v A r t/ 6.1961y gni

CONCRETE PAD

None 9 4 ft x 4 ft 9 18 in. x 18 in. 9 2 It round Isit damaged? 0 Yes Q No

Irregular/Damage (describe)

C2-53
A 6000t 499 O )

I



DOE/RL'-F 32
BARRIERPOSTS Draft B

Four posts. min. 3 in, ID, I removable? U Yes 9No

if no, describe barrier posts: How many posts? fiL Diameter of posts?

is there a removable post? ] Yes [ No

irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE) INNER, AND OTHER- RECORD IN INCHES

indicate diameter of casing Describe type of casing (g. carbon steel, stainless steel, PVC. etc.)

Outer casing: OD/ID: 7 / it Type

Inner casing: OD/ID: Type

Other casing: OD/ID: Type
Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:
O Jagged Q Uneven 9 Fairly Level 0 Bev

Other (describe) ltnyp l .( -7-1 dde rn-to - radse /

Describe protective casing damage, if any (e.g.. hole in casing, bent. etc.). or check none:

,lno-be. 4 (, J-0 m t'". r os r/ Rb
Distance from: (check one)

Ground Surface

eled -

01e -d~o
0 None

,3- -k .

[ Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. 0 Submersible 0 Bladder YNone

Describe type of pump system support:
o Hydrostar Plate Q Well Seal 0 J-Hook 0 Steel Cable 0 Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 3 1 1/2 in. ABS 0 1 in. PVC 0 1 1/2 in. galvanized

irregularlDamage (describe)

WELL SITE

Describe debris present at well site. if any. or check none: fNone

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: 0 None

Lti'ni ,p .A '/ A-e /d W eccd a d-rea

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 Brass Marker 0 Both 0 None

Other (describe) undo L - de-'kcn4 e - c Cu "--A P&V ,s@ ea

Is stamp clearly visible? 0 Yes [ No

COMMENTS

~4 rcvterrt 0 ag

A-6000-499R (03/90)

C2-54
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DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

* t
I --*4777,

-r

- .

'oes well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

-lswelI located in or around a
partrictiar facility? (e.g. 216-A-10 crib.
8-Y Tank Farms. B-Pond. etc.)

swell located in a radiation zone?

-s-0wtJYt442q60

Well Number 499 - 1t)! 9- YS Date !

inspector (print) /1 R/fMfi 5

Signature /mM M R m/)

WELL IDENTIFICATION ID MARKINGS

is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

U Yes <No

%Yes 0 No

Q Yes 9No

Yes Q No

X Yes U No

Irregularities

WELL SITE IDENTIFICATION

I Yes No

o Yes No

Yes QNo

P Yes O No

if no, is one needed?

If no. is one needed?

O Yes gNo

[3 Yes No

If yes, identify facility .2 1p - - -/ Iq

If yes, describe zone type .afr re e

J!egular/Dainage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

is the well capped? - Yes E No

Is the cap able to be locked? 0 Yes q No

is the cap locked? 0 Yes f No

Describe existing problems with well cap, if any, or check none: U None

LW ry

CONCRETE PAD

None Q 4 ft x 4 It Q 18 in. xIS in. 0 2 ft round is it damaged? 9 Yes 0 No

krregular/Damage (describe)

CZ-55

A 6000 499 (03901

gvi c



OARNRIEPOSTS 0E7RLf-9-32
Draft B

Four posts. mm. 3 in. ID. I removable? DYes No

it no, describe barrier posts: How many posts? Al ff.- Diameter of posts?

Is there a removable post? 0 Yes [ No

Irregular/Damage (describe) -

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER -RECORD IN INCHES

Indicate diameter of casing. Describe type of casing (qg. carbon steel, stainless steel, PVC. etc.)

Outer casing: OD/ID: Vg / 2 Type rarkmk n 4h e
Inner casing: ODRD: Type

Other casing: CORD: Type

Other casing: ODD: Type
Describe condition of top edge of the highest most casing:

o Jagged 9 Uneven iFairly Level 7Beveled

Other (describe)

Describe protective casing damage. if any (e.g.. hole in casing, bent. etc.), or check none: 5 None

Distance from: (check one)

tXGround Surface
I

[ Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar- 9 Submersible [ Bladder q(None

Describe type of pump system support:
o Hydrostar Plate Q Well Seal Q J-Hook 9 Steel Cable 9 Pitless Adapter

Descnbe type of pump system:
0 3/4 in. Stainless Steel 11/2 in. ABS 3 1 in. PVC 0 1/12 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any, or check none: None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: 9 None

0 /4 / 4 A44 r /,4 ey /t2>6'

SURVEY INFORMATION

Describe survey mark location:

O Top edgeof highest most casing 3 BrassMarker 0 Both ANone

Other (describe)

is stamp clearly visible? [ Yes 3 No

COMMENTS

~/,%/7r j3i30de R04e0 de aa

4

C2--56 A-6000.49gR(OB/g0)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

rlr

W/- 7t-/-4/

WellNumber 2q Date A z- .
Inspector (print) In / 71 R a > /d , mai

Signature 7-Jtniaio

WELL IDENTIFICATION ID MARKINGS

Yes

Yes

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with weillID?

Does the casing need to be painted/
repainted thus requiring relabeling?

o No

0 No

QYes 'j7No

QYes No

V Yes Q No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib,
8-Y Tank Farms. B-Pond, etc.)

Is well located in a radiation zone?

flYes P No

QYes q No

PYes 0 No

[ No

If no, is one needed?

If no, is one needed?

C Yes FJNo

o Yes 1 No

If yes. identify facility 2kz2 - _1A

If yes, describe zone type _5c4V tcC CPA/1#t/A l'7 1+

Irregular/Damage (describe)

INSPECTWELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - p Yes [ No

Is the cap able to be locked? 9 Yes [ No

Is the cap locked? 0 Yes 9No

Describe existing problems with well cap, if any, or check none: [ None

Sr(& vfr d it- -Li o 1 Us, / -kr?0 ynzac oo

CONCRETE PAD

None Q 4 ft x 4 ft 9 18 in. x 18 in Q 2 ft round Is it damaged? 0 Yes D No

Irregular/Damage(describe)

C2-57

A-6000-4<9 (03S0%

Akl~d



_ E/RL-91-32
BARRIER POSTS Draft

Four posts, min 3 in. ID, 1 removable? 0 Yes KNO

if no. describe barrier posts: How many posts? e . Diameter of posts?

Is there a removable post? Q Yes Q No

irregular/Damage (describe) -

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER- RECORD IN INCHES

Indicate diameter of casing Describe type of casin (e.g. carbonsteel, stainless steel, PVC. etc.)

Outer casing: OD/ID: 5 iS 0 rbo Type Ca rhm- s-
Inner casing: 00/10: Type

Other casing: OD/ID: - Type

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:
9 Jagged 3 Uneven 3 Fairly Level 0 Beveled

Other(describe) (A r10 46 --e e CojdA41 re7\tC C- cna

Describe protective casing damage, if any (e.g.. hole in casing, bent, etc.), or check none: [ None

rLA4v vtnr, cino.e- 4) (njd
Distance from: (check one)

$ Ground Surface Q Cement Pad To top edge of highest most casing . 12

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
O Hydrostar 9 Submersible [ Bladder None

Describe type of pump system support:
o Hydrostar Plate well Seal [ I-Hook 0 Steel Cable C Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 9 1 1/2 in. ABS 9 1 in. PVC [ 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: $None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: 0 None

fltnir -n /,0 Z 4 -AL 4k/d /c.k ea ra

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 9 Brass Marker 0 Both 0 None

Other(describe) _ttekyV' 4o rte WC ekfl4V& Ca 
is stamp clearly visible? [ Yes 0 No

COMMENTS

rP112h112 fi VtvviC Me CaD

C2-58 A-6000-499R (03/90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

-- W ~ G'. -"

J~~trt 'irt '- ~ 1e

YM~*0d

GrKN~e'~ A s...4 IM 'ids2(

T'
1Mt840 -.

Well Number22 49? Date 2

Inspector (print) _ AIM

Signature 7 7 7 - OA/AY~ r.n>.

WELL IDENTIFICATION ID MARKING

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

S

t Yes Q No

M Yes Q No

v Yes K No

0 Yes Q No

( Yes ] No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is wel(located in or around a
particular facility? (e.g 216-A-10 crib,
8-Y Tank Farms, 8.Pond, etc.)

Is well located in a radiation zone?

) Yes aNo

E Yes PNo

P Yes QNo

0 Yes Q No

if no, isone needed?

If no, is one needed?

o Yes No

o Yes No

If yes. identify facility 4 2-/.

If yes. describe zone type 5ur- m_._ Autt(iaz

rregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? .1 Yes 0 No

Isthecapabletobelocked? Yes q No

Is the cap locked? Q Yes No

Describe existing problems with well cap. if any, or check none: Q None

e A kn ufx. ac..p 0-46 Vd/ erkCNV +- PAD -r+
CONCRETE PAD

Lone 4 f

Irregular/Damage (describe)

tx 4 ft 0 18m. x 8m. 0 2 ft round Is it damaged? 0 Yes 0 No

C2-59

A 6000 499(03.901

AezX4-5 l1 s~

r



Draft B
Four posts, min. 3 in. ID. 1 removable? E Yes PNo

if no. describe barrier posts: How many posts? 2 f \.ce Diameter of posts?
Is there a removable post? 9 Yes 9 No

Irregular/Damage (describe)

.CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER - RECORD IN INCHES

Indicate diameter of casing. Describe type of casinr? (e.g. carbon steel, stainless steel. PVC. etc.)

Outer casing: 00/1D: ? Type Ctr(Qo' T4e!a
Inner casing: OD/ID: Type

Other casing: OD/D: Type

Other casing; OD/ID: Type
Describe condition of top edge of the highest most casing:

o Jagged 9 Uneven 0 Fairly Level [ Beveled _

Other (describe) ct/na to (a -- yin1W Vte - 0 zp redwavpc<. a 'e
Describe protective casing damage, it any (e.g., hole in casing. bent. etc.). or check none: 3 None

tttta aI e., do- /Agv-,s m ta- -- / n0 t f > ,.
Distance from: (check one)

VGround Surface 0 Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. 0 Submersible 0 Bladder %None

Describe type of pump system support:
O.Hydrostar Plate 0 wellSeal 9 J-Hook 0 Steel Cable 0 PstlessAdapter

Describe type of pump system:
0 3/4 in. Stainless Steel 0 1 1/2 :n. ABS 9 1 in. PVC 0 1 1/2 in. galvanized

irregular/Damage (descibe)

WELL SITE

Describe debris present at well site. if any, or check none: None

Describe well site irregularities (e.g.. down in pit. locked building, etc.) or check none: [ None

hMn th s&-a-A -14K -/, /ock2/ 0 -d

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 9 Brass Marker 0 Both [ None

Other (describe) &e.nk -o n JVA-/1 reqhv 'pm/& rrnoA.. r't e
lsstampclearly visible? [ Yes [ No

.. COMMENTS

(e£i q A. -A! znf-,en .. Ole-

.38

El

C2-60 A-6000-499R (03/90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

..

1,1 igK1

* ;*&'~:4~ M~$

4t~ 44~&t('

Well Number 2Q9uQ% 9/ Date -41/

inspector(print) /41/ Rg fL - S/ntcns

Signature cin M /Env \

WELL IDENTIFICATION 1D MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

] Yes No

Yes U No

QYet No

QYes UNo

Yes f No

Irregularities

WELL SITE IDENTIFICATION

.es well have a barber pole?

D6ci well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 2 16-A.10 crib.
8-Y Tank Farms. B.Pond. etc.)

Is well located in a radiation zone?

lrregulariDamage (describe)

o Yes No

Q Yes No

0 Yes D No

fYes Q No

If no, isone needed?

If no. is one needed?

If yes, identify facility all

If yes. describe zone type ,jjr-j

D Yes PNo

o Yes No

1A/f 4,~ 4 k/1Y

(?2m7. g o

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? Yes f No

Is the cap able to be locked? 0 Yes No

Is the cap locked? Yes No

Describe existing problems with well cap, if any, or check none: None

CONCRETE PAD

* None 0 4 ft x4 ft 0 18 in. i 18 in. U 2 ft round is it damaged?

IrregulareDamage (describe)

C2-61

0 Yes 0 No

A 40(10 A4 'A07 ff



Four posts. mm. 3 in. ID. 1removable?

if no. describe barrier posts:

dANKitKrUSia DOE/RL-91-32
0 Yes ONo Draft B

How many posts? L4OI&E, Diameter of posts?

Is there a removable post? 9 Yes Q No

Irregular/Damage (describe)

a
CASINGINFORMAT ION

CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER - RECORD IN INCHES
Indicate diameter of casing. Describe type of casing (e . carbon steel, stainless steel, PVC. etc.)

Outer casing: O0/ID: / I Type Cia (n &i Sirt

Inner casing: 00/10: Type

Other casing: O/ID: Type

Other casing: ODfiD: Type

Describe condition of top edge of the highest most casing:
O Jagged ( Uneven g Fairly Level [ Beveled

Other (describe)

Describe protective casing damage. if any (e g.. hole in casing, bent. etc.). or check none: 2 None

Distance from: (check one)

P Ground Surface E Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
U Hydrostar. 0 Submersible 0 Bladder 1 None

Describe type of pump system support:
o Hydrostar Plate ) Well Seal 3 1-hook l Steel Cable [ Ples Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 9 1 112 in. ABS I in. PVC E 1 112 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site. it any. or check none: KNone

Describe well site irregularities (eaq.. down in pit. locked building, etc.) or check none: 0 None

SURVEY INFORMATION

Describe survey mark location:

[ Top edgeof highest most casing U Brass Marker 0 Both JiNone

Other (describe)

Is stamp clearly visible? O Yes 0 No

COMMENTS

ovk , (or; as.* fwnr ;aoo AaroMxlkrE. prres'sw-
Pb-T-S - 37.8' + 3.0±L - ''0. 7 ' / a "

APT Ake na 7ajt-A'b r LAaA/16

A-6000-49gRt (0390)C2-62

?. 21



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

I" A

- -
- A - -

- e ---

A A/-2- /319

Well Numbero2 9 9-.d/3 82 Date I ~

Inspector (prnt) n7 M iRi - W01 5

Signature

WELL IDENTIFICATION ID MARKINGS

is the well labeled? VYes

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be paintedl
repainted thus requiring relabeling?

Irregularities oain±

U No

'1 Yes Q No

] Yes No

f Yes Q No

IQ Yes Q No

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 21 6-A-10 crib,
B-Y Tank Farms, B-Pond, etc.)

Is well located in a radiation zone?

O Yes 0 No

C Yes ONo

E Yes Q No

O Yes 1 No

if no, is one needed?

If no. is one needed?

O Yes No

o Yes No

if yes, identify facility 2/fo C rb

if yes, describe zone type

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - 1 Yes 0 No

Is the cap able to be locked? Yes ( No

isthecaplocked? O Yes No

Describe existing problems with well cap, if any. or check none: 0 None

<ral raAh1-r tet)/Ld d/~6 LLJL# A n

CONCRETE PADr one Q 4ftx4ft Q 18 in. x 18 in. 0 2 ft round Is it damaged? 0 Yes Q No

irregular/Damage (describe)

C2-63

A.6000.499 (03.901

-I



- flF/R1 -q1-19
BARRIER POSTS Draft B

Four posts. mn. 3 in. ID, I removable? 0 Yes No

If no, describe barrier posts: How many posts? t4 nrnO.. Diameter of posts?

Is there a removable post? 0 Yes Q No

irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE INNER. AND OTHER-RECORD IN INCHES

Indicate diameter of casing. Describe type of casing e.g. carbon steel. stainless steel. PVC. etc.)

Outer casing: OD/1i: Type ('frb>v7 s fc-

Inner casing: OD/ID: Type

Other casing: OD/ID: Type

other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:
)a agged Uneven Q FairlyLevel Q Beveled -

Other (describe)

Describe protective casing damage, if any (e.g., hole in casing, bent, etc.). or check none: None

Distance from: (check one)

1 Ground Surface 0 Cement Pad To top edge of highest most casing . /

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
[. Hydrostar Q Submersible 0) Bladder I None

Describe type of pump system support:
o Hydrostar Plate [ Well Seal 0 J-Hook 0 Steel Cable 0 Pitless Adapter

Describetype of pump system:
o 314 in. Stainless Steel 0 1 1/2 in. ASS 9 1 in. PVC 11/2 in, galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any, or check none: l;R.None

Describe well site irregularities (e.g., down in pit, locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

E Top edge of highest most casing 0 Brass Marker Q Both None

Other (describe)

isstamp clearly visible? Q Yes 0 No

COMMENTS

0 - 7 - /V7.t?' t *3.c.t =/S6-7C' &/c/- Mr ci car/l

4A1(A rA]4e/,'A An ny., an,:' rno v-c

T 1 e 6 6 / 7L~s 0 Z
CZ69A60049R(3d0

C2-64 A-6000-499R (03t90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number ?4/'-$ S5 Date 1~-.

Inspector (print) /Vil Y Rg0 ~- -s ., .nvv-r

It.Signature auh -,5 t'Ct_,A_

WELL IDENTIFICATION ID MARKINGS

Is the well labeled? 0 Yes

If yes, should the casing be 0 Yes IfNo
relabeled?

Doesthewellhaveabrassmarker? 0 Yes j9.No

If yes. is the brass marker stamped 5 Yes 5 No
with welf ID?

Does the casing need to be painted/ - Yes 0 No
,r6repainted thus requiring relabeling?

irregularities _____________________

WELL SITE IDENTIFICATION

Does well have a barber pole? 0 Yes No if noisone needed? 0 Yes P-No

Does well have an identification sign 0 Yes No if no. is one needed? [j Yes S No
-posted at entrance to access route?

V s well Ioca ted in or a.ound a R Yes 0 No If yes, identify facility e2J / Z- /i4 A'/c (dL.
I particular facility? (e.g.216-A-10 crib.
B.-Y Tank Farms. B-Pond, etc.)

Is well located in a radiation zone? 0 Yes No if yes. describe zone type

'Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - $Yes 5 No

is the cap able to be locked? 0 Yes No

is the cap locked? 0 Yes No

Describe existing problems with well cap. if any. or check none: [j None

(2. t, e- sea ,.eo 4 0e ra1qt%" dbR'cwk+ -c r&,wovt

CONCRETE PAD

MNNone 0 ftx4 ft 0 IS in. x IS in 02 ftround Isit damaged? 9 Yes 0 No

Irregular/Damage (describe)

C2-65

A 6000, 499 (0:90)



Four posts. min. 3 in. ID, I removable?

if no. describe barrier posts:

_ . UL:/R L- 91 -32 .___

BARRIERPOSTS Draft B
o Yes $NO

How many posts? &vte- Diameter of posts?

Is there a removable post? ] Yes 0 No

Irregular/Damage (describe) 4
CASING INFORMATION

CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER- RECORD IN INCHES
Indicate diameter of casing. Describe type of casing (en, carbon steel, stainless steel, PVC. etc.)

Outercasing: OD/ID: Type CC' r-O?? S
Inner casing: OD/ID: . Type

Other casing: OD/iD: Type

Other casing: OOID: Type
Describe condition of top edge of the highest most casing:

o Jagged 9 Uneven 0 Fairly Level 9 Beveled -

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing, bent, etc.), or check none: 9 None

Distance from: (check one)

F Ground Surface 9 Cement Pad To top edge of highest most casing 0. /

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar 0 Submersible 0 Bladder None

Describe type of pump system support:
O Hydrostar Plate 9 Well Seal Q J-Hook [ Steel Cable 9 Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 9 1 1/2 in. ABS 0 1 in. PVC 01 112 in. galvanized

irregular/Damage (describe)

WELL SITE
Describe debris present at well site. it any. or check none: None

ci/ct cca-nf (qr (4-, aa aLa
Describe well site irregulaities (e.g.. down in pit. locked building. etc ) or check none: None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing Q BrassMarker 9 Both None

Other (describe)

Isstampclearlyvisible? 9 Yes P9 No

COMMENTS

"/ '.-?2 -'+ 294k* DTR =/Sa..'t' Jtfid -| -n <9 .
fin 6Ce flci 2.4(. ) /(rS S4- d Kl WO/4,\

o mdrondcp, pnan4 nn@nk ae,, 'rA-ed b tA

de -6 A.6000-499 (03190)-

C2-66 A-6000-499R(03190)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Weli Number - Wi8' Date ;'20 -

inspector (print) /m/m 19i 7t /t m&

Signature 7'17m , - - //Z d

WELL IDENTIFICATION ID MARKIN

Is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes. is the brass marker stamped
with wellID?

Does the casing need to be painted/
repainted thus requiring relabeling?

AYes Q No

Q Yes RNo

f Yes Q No

A Yes 0 No

Irregularities

/

WELL SITE IDENTIFICATION

Does well have a barber pole?

,Does well have an identification s.gn
-posted at entrance to access route?

- reIl located in or around a
particular facility? (e.g. 216-A-10crib.

'S.2Y Tank Farms. B-Pond, etc.)

Is-well located in a radiation zone?

OYes 1,No

o Yes No

: Yes 0 No

Q Yes fNo

if no. is one needed?

if no.is one needed?

if yes. identify facility

if yes, describe zone type

IWegular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL.CAPS

Is the well capped? - Yes Q No

Is the can able to be locked? ( Yes IS No

Is the cap locked? Q Yes 9 No

Describe existing problems with well cap, if any, or check none: [,None

CONCRETE PAD

* 32None 0 4ftx4ft

irregulartDamage (describe) _

[ t S . x IS in. 3 2 ft round Is it damaged? 3 Yes Q No

C2-67

& 6000-499 (0mlm

sse
4~t 7 , 7 P r BAL-" ~ a

O Yes No

C Yes _ No

"4- _W , 4.- 6

GS .Z

Yes PNo



_ DOE/RL-91-32
BARRIkit POSTS Draft B

Four posts, min. 3 in. 10. 1 removdble? 0 Yes P No

It no. describe barrier posts: How many posts? -/I Cfl..- Diameter ot posts?

Is there a removable post? Q Yes 0 No

irregular/amage (dlescribe) '7Y 01S../

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER, AND OTHER- RECORD IN INCHES

Indicate diameter Of casing. Describe type of casm (e.g. carbon steel. stainless steel. PVC. etc.)

Outer casing: 00/10: . 40 Type era*-Lan

Inner casing: 00/ID: Type

Other casing: 00/ID: Type
Other casing: 00/ID: Type

Describe condition of top edge of the highest most casing:

O Jagged f3 Uneven gFairly Level [ Beveled _

Other (describe)
Describe protective casing damage. if any (e.g.. hole in casing. bent. etc.). or check none: None

Distance from: (check one)

Ground Surface [3 Cament Pad To top edge of highest most casing . -

SAMPLING EQUIPMENT INSTALLATION

Describe type at pump system:
O Hydrostar. Q Submersible Q Bladder None

Describe type at pump system support:
O Hydrostar Place Q Well Seat Q J-Hook Q Steel Cable Q Pltess Adapter

Describe type of pump system:
o 3/4 in. StainiessStee 9 1 12 In. ABS 9 1 in. PVC 0 1 1/2 in. galvanizud

Irregular/Damage (descrna

WELL SITE

Descrnbe debris present at well site. it any. or check none: None

Describewell size irregularities (e.g.. down in pit, locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing [ Brass Marker 3 Both 'lone

Other (describe)
is stamp clearly visible? [ Yes No

COMMENTS

141,- 4- .2.961' /. /.T b ores.) -&-cas

Ne0 1 A'. P nprf delorenti In( AdM.

14pI C iid'00,J p r., rls~en4'4d Yri f4OT

A.-6000-499R (031901LZ-68



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

- . ... *.

-a

E 7
WELL SITE 101

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
garticular facility? (e.g. 216-A-10 crib,
8-Y Taik Farms. B.Pond, etc.)

Is well located in a radiation zone?

Irregular/Damage (describe)

WellNumber 27 47 1- -?7 Date __ -_/

Inspector(print) aUf -- /n ,
Signature 77 tze ' -

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

C] Yes

; Yes

o Yes

o Yes

A No

9 No

WNo

Q No

Q Yes Q No

Irregularities

ENTIFICATION

O Yes jaNo if no.isoneneeded?

o Yes No If no, is one needed?

.A Yes 0 No

Q Yes HCNo

if yes. identify facility - 1 (0 - Z -" I

Yes o

Q Yes 1No

f -

If yes. describe zone type

INSPECTWELLSURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? $Yes 0 No

is the cap able to be locked? 0 Yes Na

is the cap locked? Q Yes No

Describe existing problems with well cap. if any. or check none: Q None

JNone Q 4ftx4ft

regular/Damage (describe)

Q IS in. x 18 Rin

CONCRETE PAD

[ 2 ft round Is it damaged? 0 Yes Q No

C2-69

A 6000 499 (o3-'lO



DOE/RL -9i-3? ..-. .
BARRIERPOSTS Draft B

Four posts. mm. 3 in. ID.1Iremovable? 9 Yes No

If no. describe barier posts: How many posts? r)( -~ Diameter of posts?

Is there a removable post? 0 Yes 9 No

irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER - RECORD IN INCHES

Indicate diameter of casing. Describe type of ca),yng ( g. carbon steel, stainless steel. PVC, etc.)

Outercasing: OD/ID: ?n Type CfCrbf 6 sk /
Inner casing: OD/ID: Type

Other casing: 00/ID: _________________ Type

Other casing: ODID: Type

Describe condition of top edge of the highest most casing:

9 Jagged 9 Uneven Pd Fairly Level 0 Beveled

Other (describe)

Describe protective casing damage. if any (e.g., hole in casing, bent, etc.), or check none: ,W None

Distance from: (check one)

ZGround Surface Q Cement Pad To top edge of highest most casing C.9 7

SAMPLING EOUIPMENT INSTALLATION

Describe type of pump system.

O Hydrostar. Q Submersible 9 Bladder None

Describe type of pump system support:
C Hydrostar Plate 0 Well Seal 9 J-Hook 9 Steel Cable ] Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 9 1 1/2 in. ABS 9 tin. PVC 0 1 112 in. galva'tized

oIregulariDamage (describe)

WELL SITE

Describe debris present at well site. it any, or check none: . None

Describe well site irregularities (e.g , down in pit, locked building. etc.) or check none: E None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 9 Brass Marker 3 Both PNone

Other (describe)

Isstampclearly visible? 0 Yes No

COMMENTS

- (0r -S 1 ( s' 7(, ' 4 - 1'rL5o, 0
KO nega'a 0 a f.S J& 4 an on( k . (" n\iM-

pO cri rg te fnry Y7 Cu g b f | 1 4,4 f 0 p r 1014 /UP fI. ,4~~] /
--- a r do pht 5 rru 4 rah 0- 4h eu/d rq h o

C2-70 A-6000-499R (OV90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

-a

- K -

Well Number __ -- _ Date _________

Inspector (print) q1 v ' r-SCto
Signature 2 fl / d S - e

E 7
NIDMARKINGS

q Yes

5 Yes

o Yes

O Yes

0

0

'S

No

No

No

No

IN Yes [ No

Irregularities

Does well have a barber pole?

Does well have an identification sign
'pbosted at entrance to access route?

'iwel located in or around a
particular facility? (e.g. 216-A- 10 crib,

JjY Tank Farms. B-Pond.etc.)

Js.welI located in a radiation zone?

lregular/Damage (describe) _

03

0

WELL SITE IDENTIFICA

Yes 'FNo

Yes No

Yes Q No

Q Yes PNo

TION

If no, is one needed? Q Yes No

If no.isone needed? DYes ] No

If yes. identify facility 2.9 c(g

if yes. describe zone type

INSPECT WELLSURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? Yes ] No

is the cap able to be locked? E Yes UNo

Is the cap locked? [j Yes No

Describe existing problems with well cap, if any, or check none: 1 None

CONCRETE PAD

None Q 4 It x 4 ft 0 18in. x 18in. 0 2 ft round Is it damaged? 0 Yes 0 No

Irregular/Damage (describe)

C2-71

A 6000 499 tO3:90)

WELL IDENTIFICATIO

Is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with wel IID?

Does the casing need to be painted/
repainted thus requiring relabeling?

i



Four posts. min. 3 in. ID, I r
if no, describe barrier post

BAHIERPU l5 DOE/RL-91
emovable? 43 Yes pNo Draft B

s: Howmanyposts? 7f$fL- D

Is there a removable post? 0 Yes 9 No

-32

iameter of posts?

irregular/Damage (describe)

CASING INFORMAfTON
CASING DIAMETERS: OUTER(SURFACE), INNER. AND OTHER- RECORD IN INCHES

Indicate diameter of casing. Describe type of asing (e.g. carbon steel, stainless steel. PVC. etc.)

Outer casing: 00/IC: Type A4
inner casing: 00/10: Type

Other casing: OD/ID: Type

Other casing: O1D: Type

Describe condition of top edge of the highest most casing:

o Jagged [ Uneven '| Fairly Level [ Beveled

Other (describe)

Descnbe protective casing damage, if any (e.g.. hole in casing, bent, etc.). or check nbne: None

Distance from: (check one)

? Ground Surface [] Cement Pad To top edge of highest most casing a 5

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. 4 Submersible B ladder gNone

Describe type of pump system support:

Q Hydrostar Plate [3 Well Seal 3 J-Hook E2 Steel Cable (3 Pitless Adapter

Describe type of pump system:

0 3/4 in. Stainless Steel 0 11/2 in. ASS 0 1 in. PVC [2 11)2 in. galvanized

iuregular/Damage (describe)

WELL SITE

Describe debris present at well sate. it any, or check none: None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: I None

SURVEY INFORMATION

Describe survey mark location:

] Top edge of highest most casing 4 Brass Marker 43 Both None

Other (describe)

Is stamp clearly visible? [ Yes No

COMMENTS

14o' rarnnmn le in parsdlA &, o i ~PT

C2-72

-T

^-6000-499R(0190



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

- N / .'01

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

svelI located in or around a
particular facility? (Cg, 216-A-10crib,
,j-Y Tank Farms. 8.Pond. etc.)

Js well located in a radiation zone?

Well Number ' w - '? Date

Inspector (print) Mn I'} 8etryl - S r;n 1cv1 v

Signature -/)1 i.

WELL IDENTIFICATION ID MARKINGS

Is the well labeled? Yes

YesIf yes, should the casing be
relabeled?

Doesthe wellhave a brass marker?

If yes, is the brass marker stamped
with weltID?

Does the casing need to be painted/
repainted thus requiring relabeling?

] No

C No

o Yes XNo

Q Yes Q No

X Yes El No

Irregularities

WELL SITE IDENTIFICATION

0 Yes No

0 Yes -No

WYes 0 No

O Yes {No

If no. is one needed?

if no. is one needed?

If yes, identify facility C

If yes, describe zone type

O Yes 0 No

0 Yes gjt No

/60 -Z-//4

icregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

Is thewell capped? - y No

Is the cap able tobe locked? 0 Yes Nq

Is the cap locked? [ Yes 0 No

Describe existing problenitwith well cap. ifany. or check none: None

CONCRETE PAD

I None O4 1

irregulariDamage (describe)

x 4 It 9 18 in. x 18 in. [ 2 ft round Is it damaged? 0 Yes 0 No

C2-73

A 6000 499 (03,90)

4-1 l- 1



Four posts. min. 3 in. ID. I removable?

It no, describe barrier posts:

Irregular/Damage (describe) "Y1 Or--Q

BAHRIER POSTS DOE/RL-91-32
9 Yes No Draft B

How many posts? -N-'' Diameter of posts?

is there a removable post? 0 Yes , No n

CASING INFORMATION
CASING DIAMETERS: OUTERISURFACE. INNER. ANO OTHER- RECORD IN INCHES

Indicate diameter of casing. Describe type of casing g. carbon steel, stainless steel. PVC, etc.)

Outer casing: 00110: t 9 / Z Type aeA t 1siX'e

Inner casing: OD/ID: Type

Other casing: OD/ID: Type

Other casing: OD/D: Type

Describe condition of top edge of the highest most casing:
o Jagged Q Uneven j, Fairly Level 9 Beveled

Other (describe)

Describe protective casing dam age, if any (e.g., hole in casing, bent. etc.). or check nohe: None

Distance from: (check one)

- Ground Surface 9 Cement Pad To top edge of highest most casing 0 3P

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar [3 Submersible Q Bladder None

Describe type of pump system support:
o Hydrostar Plate 0 Well Seal Q J.Hook Q Steel Cable Q PitlessAdapter

Describe type of pump system:
o 3/4 in. Stainless Steel 0 1 1/2 in. ABS [ 1 in. PVC 1 112 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

O Top edge of highest most casing 0 Brass Marker ] Both None

Other (describe)

isstampclearly visible? 0 Yes P NO

COMMENTS

£rrS i c/ -&/F- A /&0 A a rifp re n"2.

0e, M.rynncr&- Itpa- dei-eokec b.1 p'.-

A-6000-499R (0390)C2-74

S1

T



DOE/RL-91-32
Draft B -

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD

---

44

/77 P

INSPECTION REPORT

WellNumber 59 9C/-k3 Date

Inspector (print) - r i fll S

Signature (§1 At7 S /,wt'vtaix

WELL IDENTIFICATION ID MARKINGS

'K Yes

F Yes

is the well labeled?

if yes, should the casing be
relabeled?

Doesthewell have a brass marker?

If yes.is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

o No

o No

l Yes KNo

QYes 0 No

'% Yes 0 No

Irregularities

WELLSITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
$osted at entrance to access route?

4well located in or around a
particular facility? (e.g 216-A-10 crib.

4-Y Tank Farms. B-Fond, etc.)

-well located in a radiation zone?

0 Yes 7P No

3 Yes No

P Yes UNo

t Yes QNo

If no. is one needed?

If no. is one needed?

Q Yes No

0 Yes RNo

IsbIf yes, identify facility 1'/

If yes. describe zone type I/

S'regular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - Yes Q No

Is the cap able to be locked? D Yes 'No

Is the cap locked? 0 Yes No

Describe existing problems with well cap, if any, or check none: None

CONCRETE PAD

F None Q4 ft x 4 t Q 18 in x 18 n. 0 2 ft round Is it damaged? Q Yes Q No

irregular/Damage (describe)

CZ-75

a 6000 499 (o0'9r)

n /JJd 70//'rfer



BARRIERPOSTS DOE/RL-91-32

Four posts. min. 3 in. 1D, 1 removable? 3 Yes 0aft B
if no. describe barrier posts: How many posts? /tAy Diameter of posts?

Is there a removable post? 0 Yes [ No

irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE. INNER. AND OTHER- RECORD IN INCHES

indicate diameter of casing. Describe typeof call (e.g. carbon steel, stainless steel, PVC, etc.)

Outer casing: 00/iD: (447/ Type (ta ( sot
Inner casing: 00/ID: _________________ Type _ 0___n_________________

Inner casing: OD/10: Type

Other casing: ODD: Type

Other casing: ODD: Type
Describe condition of top edge of the highest most casing:

o Jagged 0 Uneven Fairly Level ( Beveled

Other (describe)

Describe protective casing damage. if any (e.g., hole in casing, bent, etc.). or check none: '(None

Distance from: (check one)

Ground Surface 9 Cement Pad To top edge of highest most casing 3 .0.

Descrbetypeofpumpsystem: 
SAMPLING EQUIPMENT INSTALLATION

0 Hydrostar. 0 Submersible 3 Bladder None

Describe type of pump system support:
9 Hydrostar Ptate 9 Well Seal 0 J-Hook 0 Steel Cable 9 Pitless Adapter

Describe type of pump system:
o 314 in. Stainless Steel 0 1 112 in. ABS 0 1 in. PVC [ 11/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: E ENone

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: k None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 BrassMarker 0 Both W1None

Other (describe)
Is stamp clearly visible? 0 Yes 0 No

COMMENTS

-'(1- /A9.-70 + 3,6 1= V,-/' K ' Ap 40 co /no

C 7PT A-e60 499R (03/9

C2-76 A-6000-499R (03190)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

- ~ - .Ie

- '.~- J 
3 -i

± ~- I

- - t#.~;*~ . .- '

-- -

Well Number 2994/6 -' Date t/-- /--

Inspector (print) .VL ig cu'rc ri - 'trovxt3

Signature < 72 alt.~ -tnt-C

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes. should the casing be
relabeled?

Does thewell havea brass marker?

if yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

Irregularities

Yes

Yes

o Yes

O Yes

Yes

Q No

C No

M'No

QNo

ONo

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
'posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A- 10 crib,
B-Y Tank Farms. B-Pond.etc.)

1s well located in a radiation zone?

Q Yes INo

0 Yes No

Yes 0 No

D Yes 0 No

If no, is one needed?

If no. is one needed?

If yes, identify facility

Q Yes PNo

0 Yes r o

If yes, describe zone type

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped' - l<Yes 0 No

Isthecap able to be locked? 0 Yes ( No

Is the cap locked? Q Yes F4No

Describe existing problems with well cap. if any, or check none: VNone

CONCRETE PAD

None Q4 ftn4 ft 18 in x 18 in 0 2 ft round Is it damaged? 0 Yes 0 No

Irregula:tDamage (descrulhe)

C2-77

r

A S0on 499 t03;90)

9//a -- E -- /A



Four posts. min. 3 in. ID. I removable?

If no, describe barrier posts:

Irregular/Damage (describe)

AHIERPOSTS DOE/RL-9P32
f Yes INo Draft B

How many posts? -- ,n ot...- Diameter of posts?

Is there a removable post? 0 Yes 0 No

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER -RECORD IN INCHES

Indicate diameter of casing. Describe type of cas' g(e.g. carbon steel, stainless steel. PVC. etc.)

Outer casing: OD/ID: 10 7 6' Type Cccr-A
Inner casing: OD/ID: Type

Other casing: OD/ID: Type

Other casing: 00/a: Type
Describe condition of top edge of the highest most casing:

O Jagged [ Uneven (Fairly Level 0 Beveled

Other (describe)

Describe protective casing damage. if any (e.g.. hole in casing, bent. etc.). or check none: F None

Distance from: (check one)

9 Ground Surface 9 Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
0 Hydrostar, Q Submersible Q Bladder %None

Describe type of pump system support:

[ Hydrostar Plate 9 Well Seal 9 )-Hook 0 Steel Cable 0 Pitless Adapter

Describe type of pump system:
0 314 in. Stainless Steel 0 11/2 in. AS$ 0 1 in PVC 9 1 1/2 in. galvanized

irregularinamage (describe)

WELL SITE

Describe debris present at well vie. if any. or check none: 'T tote

Describe well site irregularities (e.g.. down in pit. locked building. etc.) or check none: M'None

SURVEY INFORMATION

Describe survey mark location:

o Top edgeof highest most casing 0 BrassMarker 0 Both /None

Other (describe)

is stamp clearly visible? [ Yes 9 No

COMMENTS

Neil dekdhs4 p ovtec cC.O,S.,

p1

S23 -

CZ-78 A-6000.4gR (03t901



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD

~er --

4/14- 95

(311/ 2- /- 5

e 13SZvnrst

INSPECTION REPORT

Well Number 19 -09-25 Date

Inspector (print) MM1 Aa 75 - Sirn AtpnS

Signature C1i' -IV £ 'Z;& -)

WELL IDENTIFICATION ID MARKINGS

is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

fYes 0 No

15 Yes

O Yes FNo

Q Yes Q No

W Yes Q No

Irregularities

I I

WELL SITE IDENTIFICA TION

Doeswell have a barber pole?

Does well have an identification sign
2 osted at entrance to access route?

1swelllocated in or around a
particular facility? (e.g. 216-A-10 crib.
.- Y Tank Farms. 8-Pond. etc.)

jj well located in a radiation zone?

Q Yes No

Q Yes No

Yes QNo

o Yes No

if no, is one needed?

If no. is one needed?

if yes. identify facility -v - _ F

Yes No

o Yes No

( ri

If yes, describe zone type

,lrregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - Yes U No

Is the cap able to be locked? f Yes No

Isthecap locked? Q Yes &No

Describe existing problems with well cap, if any. or check none: F None

CONCRETE PAD

None 5 4ftx4ft 5 lin, x 18in 2 ft round Is it damaged? 0 Yes 0 No

Irregular/Darnage (describe)

C2-79

A 6000-499 (03;901

I I

irm 7W
r-

I

C] No

I



Four posts. mm. 3 in. ID. I removable?

it no. describe barrier posts:

BARRILRPOS[S DOE/RL-91-32
Q Yes flNo Draft B

How many posts? llay1Oa. Diameter of posts?

Is therearemovable post? 9 Yes 9 No

Irregular/Damage (describe)

CASING INPORMATION
CASING DIAMETERS: OUTERtSURFACE), NNER, AND OTHER -RECORD IN INCHES

Indicate diameter of casing. Describe type at casin (a;. car bon steel, stainless steel. PVC, etc.)

Outer casing: O/ID: / Type 9 VAo1n S 4-'0a
inner casing: OD/ID: Type

Other casing: OD/ID: Type

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:
[ Jagged Q Uneven Fairly Level C Beveled

Other (describe)

Describe protective casing damage, i f any (eg., hole in casing, bent. etc.). or check node: None

Distance from: (check one)

I Ground Surface 0Cement Pad To top edge of highest most casing 2,

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. 0 Submersible r3 Bladder None

Describetypeof pumpsystem support:

(3 Hydrostar Plate ( Well Seal 0 I-Hook Q Steel Cable Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel I 11/2 in. ABS [2 1 in. PVC 0 1 1)2 in. galvanized

Irregular/Diamage (describe)

WELLSITE

Describe debris present at well site. it any, or check none: None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: (None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 Brass Marker 0 Both None

Other (describe)

Is stamp clearly visible? O Yes ( No

COMMENTS

T -b 9g.,/g[' 4 3.0."- r ? I.ao An/nAY k9p 1- GR
1/AP ~tkSed ~ r4tndA /naw-c

Qud

A4TA7c-oh A-00. 9R 030

II

C?'

C2-80 A-6GOOo499R (03/90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

7.5

Cin U6 A-,~

WellNumber q-M.A4'5'4ti Date 1______

Inspector(print) Jhyr 13'r/l -

Signature //47'7 1'.

WELL IDENTIFICATION 1D MARKINGS

is the welt labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
withwellio?

Does the casing need to be painted/
repainted thus requiring relabeling?

Yes

Q Yes

o No

0 No

Q Yes V No

Q Yes Q No

Yes ] No

Irregularities

WELL SITE IDENTIFICATION

oes well have a barber pole ?

Does well have an identification sign
ppsted at entrance to access route?

-tiwel Ilocated inor around a
particular facility? (e.g. 216-A-10 crib.
8-Y Tank Farms. B-Pond. etc.)

Is well located in a radiation zone?

,.gegular/Damage (describe) /

Q Yes No

0 Yes No

l Yes Q No

Yes Q No

if no. is one needed 7

If no. is one needed?

if yes, identify facility al' 0 - C-l

0 Yes No

EJ Yes R No

cri

if yes. describe zone type eI4(7/ld rndl3acftfe.

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? . lYes 0 No

Is the cap able to be locked? 0 Yes No

Is the cap locked? 0 Yes No

Describe existing problems with well cap. if any, or check none: None

CONCRETEPAD

0 18 in. x 18 in. 0 2 ft round Is at damaged? 0 Yes ,4No

Irregular/Damage (describe)

C2-81

A 6000-499 (03/901

None C 4 ftx4 ft



11A_ _US S DOE/RL-91-32
Four posts, min. 3 in. ID. 1 removable? 0 Yes 1 No Draft B
it no. describe barrier posts; How many posts? : Diameter of posts?

Is there a removable post? 0 Yes 0 No - n

irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER, AND OTHER- RECORD IN INCHES

Indicate diameter of casing. Describe ty of casing (e.g. carbon steel, stainless steel. PVC. etc.)

Outer casing: OD/iD: (9c Type t#rbIP4v -k
Inner casing: OD/ID: Type

Other casing: OD/ID: Type

Other casing: OD/ID: Type
Describe condition of top edge of the highest most casing:

0 Jagged 9 Uneven X.fairly Level V Ie e d

Other (describe)

Describe protective casing damage. if any (e.g.. hole in casing, bent, etc.). or check no-ne: ig None

Distance from: (check one)

Ground Surface 0 Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. 0 Submersible 9 Bladder None

Destribe type of pump system support:

O Hydrostar Plate 9 WellSeal 0 I-Hook 0 Steel Cable 0 PitlessAdapter

Describe type of pump system:

o 314 in. Stainless Steel f 1 1/2 in. ASS 0 ) in. PVC Q 1 1/2 in. galvanized

IrregularDamiamge (describe)

WELL SITE

Describe debris present at well site. if any. or check none: 1(None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

0 Top edge of highest most casing 0 Brass Marker 0 Both INone

Other (describe)

is stamp clearly visible? 0 Yes No

COMMENTS

Ofl - #./.' 7.6:.?/t y N k fR

#AJ ~ ~ ~ ~/i JJfray : 2f o &( Yd

C2-2 A600-49 103/SI

p1
C2-82 A-6000-499R(03/90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

- r .5

A7

7. i~~2R1 1Aq/ -q9f0/

WelNumberd - 2 Date /-3/92

Inspector(print) MM d h-d -
I

Signature

WELL IDENTIFICATION ID MARXINGS

o No

o No

is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

1 Yes

-- Yes

SYes gI: No

Q Yes Q No

Y Yes Q No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

is well located in or around a
particular facility? (e.g. 216-A-10 crib,
8-Y Tank Farms, 9-Pond. etc.)

Is well located in a radiation zone?

O Yes % No

0 Yes (PjrNo

0 Yes Q No

o Yes 1No

if no, is one needed?

if no. is one needed?

C Yes No

Q Yes No

If yes, identify facility o - g

If yes, describe zone type

Irregular/Damage (describe) 77iZ n.

INSPECTWELL SURFACE PROTECTION MEASURES
WELL CAPS

Isthe well capped? 'Yes 0 No

Is the cap able to be locked? j Yes PTNo

Is the cap locked? I Yes /1No

Describe existing pioblems with well cap, if any. or check none: 0 None

(0 rtcArrF eoJ n/s;/Q'' A,0 / /,Pf0/. k rcin/t-

CONCRETE PAD

None Q 4 It x 4 ft 18 n x18 in. U 2 ftround Is it damaged? I Yes f No

irregular/Damage (describe)

C2-83

A 6000.499 (C3f90

F_

0



BARRIERPOSTS DOE/RL-91-32
Four posts, min. 3 m. ID, 1 removable? £ Yes IXNo Draft b
if no. describe barrier posts: How many posts? -1YL0V .- Diameter of posts?

Is there a removable post? C3 Yes 0 No

Irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTERsURFACE INNER AND OTHER -RECORD IN INCHES

indicate diameter of casing. Describe tyg I casin e.g. carbon steel, stainless steel, PVC, etc.)

Outer casing: OD/ID: 6 Type

Inner casing: CD/ID: Type
Other casing: ODAID: Type

Other casing: OD/ID: Type
Describe condition of top edge of the highest most casing:

o Jagged £ Uneven WFairlya.evel 0 Bev

Other (describe)

Describe protective casing damage. if any (e.g.. hole in casing, bent, etc.). or check none:

irA

eled -

JkNone

Distance from: (check one)

,9, Ground Surface [3 Cement Pad Totopedgeof highest most casing Sao,,

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. £ Submersible £ Bladder ?None

Describe type of pump system support:
o Hydrostar Plate £ WellSeal 0 J-Hook £ Steel Cable Q PitlessAdapter

Describe type of pump system:
o 314 in. Stainless Steel 0 1 1/2 in. ABS 0 1 in. PVC £3 11/2 in. galvanized

irregular/Damage (desiribe)

WELL SITE

Describe debris present at well site, if any, or check none: Or4one

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: INone

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing £3 Brass Marker ] Both XNone

Other (describe)

Is stamp clearly visible? 0 Yes C) No

COMMENTS
5?3./' S..~ .~~62~- A

D-IrIq / :r 5 &W ') , g

A-6000-499R(03190)C2-84



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

C,

rs~
~4.

WellNumber qaf7 Z2 Z Date /-3-'71

Inspector (print) /77 /eAY 4 flnI .4-n f

Signature t7 7 A'azd Sn,,rtoAn

1- 314 -ql NtA 4w

LL IDENTIFICATION ID MARKINGS

[ Yes

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

C No

ZYes 0 No

[ Yes No

C Yes flNo

/Yes Q No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility ? (e.g. 216-A-10 crib,
8-Y Tank Farms, B-Pond, etc.)

Is well located in a radiation zone?

0 Yes No

QYes No

,2 Yes 0 No

Q Yes PZNo

If no, is one needed?

if no. is one needed?

if yes, identify facility

if yes, describe zone type _

] Yes ANo

0 Yes No

irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? - Yes 0 No

Isthe capableto befocked? 0 Yes j No

is the cap locked? Q Yes yNo

Describe existing problems with well cap, if any, or check none: Q None

Ato/ rujhb1 -r ?S' e-- fc V, ' .' t -i -- A,

CONCRETE PAD

None Q 4 ftx 4 ft Q 1 in x 18 in. 2ft round isitdamaged? Yes 0 No

Irregular/Damage (describe)

C2-85

A-6000.499 (O.L101

WE

Is the well labeled?

C,'



BARRIERPOSTS DOE/RL-91Z-
Draft B

Four posts, mm. 3 m. 10, 1 removable? 0 Yes 1No

if no, describe barrier posts: How many posts? 11 0-1 e. Diameter of posts?

Is there a removable post? C Yes 0 No

irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER, AND OTHER - RECORD IN INCHES

Indicate diameter of casing. Describe type f casing (e.g. carbon steel, stainless steel, PVC, etc.)

Outer casing: OD/ID: Type

Inner casing: OD/ID: Type

Other casing: OD1D: Type

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:
o Jagged 0 Uneven IS Fairly Level 0 Beveled

Other (describe)

Describe protective casing damage. if any (e.g., hole in casing, bent, etc.). or check none: 2 None

Distance from: (check one)

Ground Surface 0 Cement Pad To top edge of highest most casing 2 7

SAMPLING EQUIPMENT INSTALLATION

Describetypeof pump system:
o Hydrostar 9 Submersible Q Bladder None

Describe type of pump system support:
O Hydrostar Plate well Seal [ J-Hook 0 Steel Cable 9 Pitless Adapter

Describetypeof pumpsystem:
[ 3/4 in. Stainless Steel Q 1 1/2 in. ABS 0 1 in. PVC 0 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: IO None

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: EZ None

SURVEY INFORMATION

Describe survey mark location:

[ Top edge of highest most casing 0 Brass Marker E3 Both CwNone

Other (describe)

Is stamp clearly visible? 0 Yes No

COMMENTS

-P Al>osec/ At r at',rL e. (0n uhci -en

1C2-vriA.30z0-4o9Ry(03(1,)

C2-86 A-6000-499R (03190)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number 2IA -% Date /---- 9

inspector (print) vhmY Rri -- tv1 r

Signature 2'q 171 eaLk- t-.t ~ 1

WELL IDENTIFICATION ID MARKINGS

Is the well labeled? 1Yes C] No

If yes,should the casing be '0 Yes ] No
relabeled?

Does the well have a brass marker? LYes fWNo

If yes,isthe brass marker stamped 0 Yes 0 No
with well ID?

Does the casing need to be painted/ g Yes 0 No
repainted thus requiring relabeling?

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole? 9 Yes No If no, is one needed? 9 Yes No

Does well have an identification sign 9 Yes No If no, is one needed? LYes Ej No
posted at entrance to access route?

Is well located in or around a Yes 9 No If yes. identify facility 2
particular facilty? (e.g. 216-A-10crib.
a-Y Tank Farms. 8-Pond. etc.)

is well located in a radiation zone? 9 Yes No if yes, describe zone type

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? Yes L No

Isthecapable to be locked? 9 Yes No

Is the caplocked? 0 Yes No

Describe existing problems with well cap, if any, or check none: 9 None

CONCRETE PAD

P None 0 4 ft x 4 ft 9 18 in x 18 n. 0 2 ftround Is it damaged? 9 Yes 0 No

irregular/Damage (describe)

C2-87

A-6000-499 (03.90)



BARRIER POSTS DOE/RL-91-32
Draft B

Four posts, min. 3 in. ID. 1 removable? [3 Yes q No

if no. describe barrier posts: How many posts? 'V-7M/ Diameter of posts?

Is there a removable post? 0 Yes 0 No

Irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER - RECORD IN INCHES

indicate diameter of casing. Describe type of casing e.g. carbon steel, stainless steel, PVC. etc.)

Outer casing: OD/ID: ( / Type ( rbm ct &-

Inner casing: OD/ID: Type

Other casing: OD/ID: Type

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:
o Jagged E Uneven (Fairly Level 0 Beveled -

Other (describe)

Describe protective casing damage, it any (e.g.. hole in casing, bent. etc.), or check none: 5 None

Distance from: (check one)

Ground Surface [ Cement Pad To top edge of highest most casing 00, _

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar 0 Submersible 0 Bladder xNone

Describe type of pump system support:
E Hydrostar Plate ] Well Seal 0 J-Hook Q Steel Cable f Pitless Adapter

Describetypeof pumpsystem:
[ 314 in. Stainless Steel 11/2 in. ABS 0 1 in. PVC 0 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: 1 None

Describe well site irregularities (e.g., down in pit. locked building, etc.) or check none: 9 None

SURVEY INFORMATION

Describe survey mark location:

Q Top edge of highest most casing Q Brass Marker ] Both None

Other (describe)

Isstampclearlyvisible? OYes PNo

COMMENTS

£-~FA (B31aJ' + 3S I / 3 r,'?z ' 1t/n A0d <r/ras

6 e- -

/-//0 A-V0)9R(0/0

0
C2-88 A-6000-499R(03/90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

WellNumber -1.99 4<// <99' Date d..

Inspector (print) ,/7 t .- ~,Cina .

Signature 7"777 '/20 - >rrn

71

It'

'U->

Does well have a barber pole?

Doeswell have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib,
B-Y Tank Farms. B-Pond. etc.)

Is well located in a radiation zone?

Irregular/Damage (describe)

0

0

Is the well labeled?

If yes, should the casing be
relabeled?

Does the welt have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

Irregularities

WELLSITE IDENTIFICATION

Yes No If no, is one needed?

Yes No If no, isone needed?

Yes 0 No

$ Yes 0 No

If yes. identify facility / (Z - 2 -

If yes, describe zone type 5( r f' r

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Isthe well capped? - Yes Q No

Is the cap able to be locked? Q Yes [ No

Isthecap locked? 0 Yes No

Describe existing problems with well cap. if any, orcheck none: Q None

CONCRETE PAD

[ None 4 ft x 4 ft 0 18 in. x 18 im. Q 2 ft round Is st damaged? 0 Yes No

IrregulariDamage (describe) $ (0 4- CVi Cr VJr

C2-89

A 6000 4A9 olio

(0 Yes

Yes

o Yes

O Yes

P Yes

] Yes

o Yes

Q No

0 No

No

QNo

Q No

RNo

X No

e/y

WELL IDENTIFICATION ID MARKINGS

Q%

/,Ff



BARRIERPOSTS DOE/RL-91-32

Four posts, mi. 3 in ID, 1 removable? 0 Yes No Draft B
it no, describe barrier posts: How many posts? 1I ovtJ- Diameter of posts?

Is there a removable post? 0 Yes Q No

Irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE), INNER, AND OTHER -RECORD IN INCHES

indicate diameter of casing. Describe type of casing (e.g. carbon steel, stainless steel. PVC, etc.)

Outer casing: OD/ID: / a Type riaerhovi qee1
Inner casing: OD/ID: 65/ 0 Type P\f
Other casing: O/ID: Type

Other casing: OD/ID: Type
Describe condition of top edge of the highest most casing:

o Jagged ,Uneven 0 Fairly Level 0 Beveled -

Other (describe)

Describe protective casing damage, if any (e.g., hole in casing, bent, etc.). or check none: 2 None

Distance from: (check one)

Ground Surface 9 Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar 9 Submersible 0 Bladder (%None

Describe type of pump system support:
O Hydrostar Plate f Well Seal 0 J-Hook ] Steel Cable C PitlessAdapter

Describe type of pump system:
o 3/4 in. Stainless Steel 9 1 1/2 in. ABS 9 1 in. PVC 0 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: None

Describe well site irregularities (e.g.. down in pit, locked building, etcj.or check none: None

nofwn /)06 i 4 /6' t7/,9 ,4cNed orea

SURVEY INFORMATION

Describe survey mark location:

IF Top edge of highest most casing 9 BrassMarker 0 Both 0 None

Other (describe)

Is stamp clearly visible? glYes 0No

COMMENTS

-T- 4?3.7a 3.C0d2- .2 .b7 d/,, - 0A o' a /
GyV -I- 4 1/o de'Iedtd ,-n Cr(/7iC. wea S

c2T gedo 000 r/ 0 "0'. de 0'4 PI 8X 62e. . (r3a/0)

C2-90 A-6000-499R (03/90)



DOE/RL-91-32 ,zr
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number cP Date /f

Inspector (print) M i - (01 ,AO't

Signature'-mr-? 4 tZr.4( rfnMno

WELL IDENTIFICATION ID MARKINGS

Is the well labeled? Q Yes No

-4If yes, should the casing be 1 Yes 0 No
relabeled?

Does the well have a brass marker? Q Yes Ej No

If yes, is the brass marker stamped EYes QNo
withwell ID?

Does the casing need to be painted/ Yes Q No
repainted thus requiring relabeling?

r2/ Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole? O Yes j&No If no. is one needed? Q Yes No

Does well have an identification sign 0 Yes P No If no. is one needed? 0 Yes No
posted at entrance to access route?

Is well located in or around a 'g Yes Q No if yes. identify facility e? (a
particular facility? (e.g. 216-A-10 crib.
8-Y Tank Farms. a-Pond. etc.)

s well located in a radiation zone? . Yes 0 No If yes, describe zone type SfrR, C9  (O A n/iJ

IrregularfDamage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? 1A Yes 0 No

Is the cap able to be locked? 9 Yes 0 No

Is the cap locked? 9 Yes ] No

Describe existing problems with well cap. if any, or check none: 0 None

rgutp,r seapf p<rip

CONCRETE PAD

0 None [ 4 It x 4 ft 18 in. x 18 in. 0 2 it round Isitdamaged? 0 Yes No

irregular/Damage (describe) Ic' /7

C2-91

A 6000 499 (03:9q



BARKIER POSTS DUE7RL-9 l2

Four posts, mm 3 in iD. removable? 0 Yes KNo Draft B
if no, describe barrier posts: how many posts? Diameter of posts?

Is there a removable post? Q Yes ] No

Irregular/Damage (describe)E

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE) INNER, AND OTHER- RECORD IN INCHES

indicate diameter of casing. Describe typeoa casi g (e g carbon steel. stainless steel. PVC. etc.)

Outer casing: 00/ID: q'7- "7 9 1 Type

inner casing: 00/ID: Z Type

Other casig: 00/ID: Type

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casmg:

o Jagged Q Uneven Fairly Level 0 Bev

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing. bent. etc.). or check none:

(2Mi1e rt :\

0 e-,10aIP c5kee./Y,/b-lget.

eled

Distance from: (check one)

[ Ground Surface 'Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe typed pump system:
o Hydrostar. E Submersible 0 Bladder (None

Describe type of pump system support:
o Hydrostar Place Q well Seal 9 J-Hook 0 Steel Cable 0 Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 1 I 1/2 in. ABS 1 in. PVC 9 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site. it any, or check none: G(None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: 9 None

I n -if ixrw rea>

SURVEY INFORMATION

Describe survey mark location:

a Top edge of highest most casing E Brass Maiker 0 Both E None

Other (describe)

Is stamp clearly visible? 0 Yes 0 No

COMMENTS

Kn nccd a str tqmoc dele'4erl1, M lqat
Mrs~ ~ ~ ~ ~ ~~ b n14 tegse.rPTeer y N

(V/p rco.nocMive res~fAO.Mi-anf r/edeckd H5, P-r
,/df sa'abed ,N.91 fnnff 4

A 6000-499R (03/90)

'?.

11

C2-92

I-. 4/fne



OE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

* . , -jr. *

.. -C,

-~2 ~
- tv~~c ~.P

.C/-s / .2a- t

Well Numbers29 Date .2 / 7

Inspector(print) /7,O2 /r~ j'- S4, rol

Signature (4)'17 .- / Shn-morZ)

WELL IDENTIFICATION 1D MARXINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

o Yes No

P Yes Q No

E Yes PNo
f Yes 0 No

A Yes Q No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

is well located in or around a
particular facility? (e.g. 216-A-10 crib.
S-Y Tank Farms, -Pond, etc.)

Is well located in a radiation zone?

o Yes No

Q Yes No

19 Yes Q No

? Yes 0 No

If no, is one needed?

If no. is one needed?

If yes, identify facility 3 .LL--*

if yes. describe zone type

0 Yes No

Q Yes P1 No

-IA At Pr 4

'// 2trfr CT~f;'pijc

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? Yes 0 No

Is the cap able to be locked? Q Yes ONO

Isthe cap locked? 0 Yes No

Describe existing problems with well cap, if any, or check none: None

CONCRETE PAD

None 0 4ft x4ft 0 18 in. x S in. 2 ft round Is it damaged? 0 Yes 0 No

IrregulariDamage (describe)

C2-93

A 6000-499 (03:901

"N I

01'

/500'1



BARRIERPOSTS DOE/RL-91-32
Four posts. mm. 3 in. 10, 1 removable? 0 Yes 'S No Draft B
if no, describe barrier posts: How many posts? n4 U-- 0 Diameteaot ports?

Is there a removable post? 0 Yes 0 No

irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER(SURFACE). INNER. AND OTHER- RECORD IN INCHES

indicate diameter of casing. Describe type of casing (e.g. carbon steel, stainless steel. PVC. etc.)

Outercasing: 0D/ID: 7 M " / 2 Type OaI- 6oV ,Ytee-'
Inner casing: 00/10: V' 4 Type raTAIA~ nA!ol
Other casing: OD/10: Type

Other casing: OD/iD: Type

Describe condition of top edge of the highest most casing:
[ Jagged 0 Uneven E Fairly Level El Beveled

Other (describe)

Describe protective casing damage, if any (e.g.., hole in casing, bent, etc.), or check none: None

Distance from: (check one) ../o

Ground Surface [ Cement Pad To top edge of highest most casing - - 6 Alac /aa

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. 0 Submersible f Bladder 1 None

Describe type of pump system support:
0 Hydrostar Plate f Well Seal 0 J-Hook [I Steel Cable E Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 9 1 1/2 in. ABS 0 1 in. PVC 0 1 1/2 in. galvanizeS

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: I[ None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none; 0 None

73mun 'n iAi/r 4>CA /cked aeea.-

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 Brass Marker 0 Both 3 None

Other (describe) &rab- Al > d'er45r beca, ,e 0 2 adg dr r

Is stamp clearly visible? 0 Yes 0 No

-9 COMMENTS

I/-IN < dropOev-1't. a-'d c Vttvl Ce/'-bY ag el tr-ed 0. (cr4 oEs 'ear-e

/5 , e /rp~oe 1,d /4.<,- rqr/2 /r , bC) 1? It a-/ , dce i

'b-.a' t N.9 -=/ -pS 22 A ,oJ 7 C 7-O-I

cb$ 2

r4p

C2-94 A-6000.499R (03/90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

r -

-, - C.? ~~t-.t ,.~j

~51/ /

Well Number '7 Date 2 -- 91

Inspector (print) /7)0 Li ' i/ nrion'

Signature ~-179 927 Pawe~ r§A on a-zn

WELL IDENTIFICATION ID MARKIN

Is the well labeled?

-M.B /

GS

JVYes 0 No

i2Yes [ No

Yes tf No

Yes Q No

C Yes 0 No

Irregularities

WELL SITE IDENTIFICATION

Doeswell have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A- 10 crib.
0-Y Tank Farms, B-Pond. etc.)

Is well located in a radiation zone?

flYes PNo

0 Yes No

'P Yes O No

6 Yes 0 No

If no, is one needed?

If no. is one needed?

If yes, identify facility.2 ~6

If yes, describe zone type M/L

0 Yes No

LYes No

-/-7 /,- -ftIct

/ 4 !'C- /1nt w hdd

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELt. CAPS

Is the well capped? Yes Q No

is the cap able to be locked? J Yes CNo

Is the cap locked? 0 Yes gNo

Describe existing problems with well cap. if any, or check none: None

CONCRETE PAD

0 None 9 4 ftx4 ft 0 18 n. x 18 in. 0 2 it round Is it damaged? 9 Yes ANo

irregular/Damage (describe) 40x 36 '/iM Crtle. ,"Lf

C2-95

A 6000 499 (0 3.90)

1)

If yes. should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

A741-



BARRIERPOSTS DOE/RL-91- 2
Draft B

Four posts. mm. 3 o. ID, 1 removable? 0 Yes NO

it no, describe barrier posts: how many posts? I Diameter of posts?

Is there a removable post? 0 Yes Q No

irregular/Damage (describe)

CASNG INFORMATION
CASING DIAMETERS: OUTER(SURFACE). NNER. AND OTHER- RECORDININCHES

Indicate diameter of casing. Describe typ casin (e car bon steel. sftaless steel. PVC. etc.)

Outer casing: ODni/C6S - a6 // Type Ca1rLer t I

Inner casing: 00/ID: Type

Other casing: ODID: Type

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:
o Jagged 0 uneven Fairly Level 0 Beveled

Othereabe -(describe) ("-ata.-
Describe protective casing damage. if any (e.g., hole in casing, bent, etc.). or check none: None

Distance from: (check one)

o Ground Surface Cement Pad To top edge of highest most casing f_/ A w' ( .

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar Q Submersible fJ Bladder .None

Describe type of pump system support:
o] Hydrostar Plate 0 Well Seal 0 I-Hook Q Steel Cable Q Pitless Adapter

Describe type of pump system:
O 3/4 in. Stainless Steel 0 1 1/2 in. ASS 0 1 in. PVC 9 1 1/2 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: 0 None

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 Brass Marker 9 Both 0 None

Other (describe)- t (. 40n de6erx . - - -ao e - n (ace r3
isstampclearly visible? C Yes 0 No \Lo 6 C02S A-4WkQe '

COMMENTS

P V'n cIAe4Ied s.I, f9.nr irn. CS.

6P7 dpjepr4,oL n r un(r2 pr71r &.e & /n ' / 2n - 2

2L',m e e rccber ,tiaib', ./a ctc ar-t./ az/I e-rs', >g <<~ r RA-t wA

' A60049R(3,

V C2-96 A-6000.499R (03/90)a



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

.. Th

V - -a

W lifmflau

.2991jIS1'-1&-3
Co

Mn'$ 400a

Well Number .29g-- W Y-103 Date -2-/--

Inspector (print) AOi R/r cdS/ IMOYLs

Signature =I -fin tS.. - nn

WELL IDENTIFICATION ID MARKINGS

Yes

Yes

QNo

tNo

Q Yes No

Q Yes Q No

a Yes Q No

Isthe well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib,
B-Y Tank Farms, B-Pond. etc.)

Is well located in a radiation zone?

flYes p No

uYes 1 No

Yes Q No

g Yes [ No

if no, is one needed?

If no, is one needed?

if yes, identify facility 2([ 6i- l

If yes, describe zone type S LA r e

O Yes 4No

o Yes C1 No

-(-o~ .nvva

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? aYes Q No

Is the cap able to be locked? 0 Yes -M No

Is the cap locked? 0 Yes t No

Describe existing problems with well cap, if any, or check none: $ None

CONCRETE PAD

TNone 4 ft x 4ft 0 18 in. x 18 in. 0 2 ft round Is it damaged? 0 Yes 0 No

Irregular/Damage (describe)

C2-97

A-6000-499 (03.90)

C~4

'I

CPI



BARRIER POSTS DOE/RL-91-32
Four posts, mm. 3 in. ID, 1 removable? 0 Yes YNo Draft B
If no, describe barrier posts: How many posts? PO iL .. Diameter of rgsL

Is there a removable post? f Yes 0 No

Irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER- RECORD IN INCHES

Indicate diameter of casing. Describe type of casin (e.g. carbon steel, stainless steel, PVC. etc.)

Outer casing: OD/ID: 9 Or /Type ca v bo'r .5 e/
Inner casing: 00/ID: Type

Other casing: O/ID: Type

Other casing: 0O/ID: Type

Describe condition of top edge of the highest most casing:
o Jagged 0 Uneven f Fairly Level 9 Beveled

Other (describe)

Describe protective casing damage, if any (e.g., hole in casing, bent, etc.). or check none: None

Distance from: (check one)

o Ground Surface 0 Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar f Submersible ] Bladder None

Describe type of pump system support:
o Hydrostar Plate [ Well Seal ] I-Hook Q Steel Cable 0 Pitless Adapter

Describe type of pump system:
C3 3/4 in. Stainless Steel 11/2 in. ASS [ 1 in. PVC 0 1 1/2 m.gavanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: U None

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: 9 None

UmAWI /n a/1-2-/A c.|'/% 4 0 Ar4y arr

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 Brass Marker 0 Both #None

Other (describe)

Isstamp clearly visible? [ Yes 9 No

,i ACOMMENTS

.' iT i n1 e -wdS - 6 nPo& ~ ' u/".g ', vo' r..AI /I/f f t A

bTPf6 tA97?~S' +- a.9= i3 r.h &,u 7oC

C2-98 A-6000-499R (03MG)



UUE/RL-91--3
Draft B _V_

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number ra1 / Date Z -

Inspector (print) M MY\R~,r ' A V

Signature &I""(? ~ ' ,M"SOM

WELL IDENTIFICATION ID MARKINGS

Is the well labeled? 0 Yes CNo

If yes, should the casing be KYes 0 No
relabeled?

Does the well have a brass marker? 0 Yes A No

if yes, is the brass marker stamped 0 Yes 0 No
with well ID?

Does the casing need to be painted/ Yes 9 No
repainted thus requiring relabeling?

Irregularities

WELL SITE IDENTIFICATION

Does well have a bar ber pole? 9 Yes . No if no, is one needed ? 0 Yes tNo

Doeswell havean identification sign 0 Yes $No If no.isoneneeded? 0 Yes q No
posted at entrance to access route?

Is well located in or around a 0 Yes 9 No If yes, identify facility
particular facility? (e.g. 2?G.A.10crib.
0-Y Tank Farms. B-Pond. etc.)

Is well located in a radiation zone? Yes 9 No if yes, describe zone type $1 CO C4- tax4 n/ rld d

Irregular/Damage (describe)

INSPECTWELL. SURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? Yes 0 No

Is the cap able to be locked? 9 Yes fA No

Isthecaplocked? 0 Yes rf.No

Describe existing problems with well cap, if any, or check none: 9 None

CONCRETE PAD

*None 0 4 ft x 4 ft 0 18 in. x 18 in. 9 2 ft round Is it damaged? 0 Yes 0 No

Irregular/Damage (describe)

C2-99

A G~oO 499 in3.'c(os



Four posts, men 3 in. ID. I removable?

It no. describe barrier posts:

Irregular/Damage (describe)

BARERPOSTS DOE/RL-91-3 2

0 Yes 6No Draft B
How many posts? Diameter of posts?

is there a removable post? 0 Yes 0 No - -

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE), INNER AND OTHER - RECORD IN INCHES

Indicate diameter of casing. Describe type of sing (e g. carbon steel. stainless steel. PVC. etc.)

Outer casing: OD/ID: - 7 11q Type rxledv sM 4tI
Inner casing: 00/ID: 16 6A '/ n " Type ( a %n >4a4.

Other casing: OD/ID: Type

Other casing: OD/IC: Type
Describe condition of top edge of the highest most casing:

o Jagged [ Uneven 6 Fairly Level 0 Beveled

Other (describe) Ibq fl- Ci z p ,^ leao, + c&/ r e a-, ,/Q

Describe protective casing damage, if any (e.g., hole in casing, bent. etc.). or check none: ' None

Distance from: (check one)

'1 Ground Surface 0 Cement Pad T op edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pumpsysxem:/
o Hydrostar. 0 Submersible 0 Bladder ANone

Describe type of pump system support:
o Hydrostar Plate Q Well Seal Q i-hook Q Steel Cable C Pitlss Adapter

Describe type of pump system:
o 314 in. Stainless Steel 0 1 1/2 in. ABS 1 in. PVC I 1 1/2 in. galvanized

Iregular/Damage (describe)

WELL SITE

Describe debris present at well site. it any, or check none: tNone

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: "ZINone

7 A..!. ,?/7e cas /- A. A/W 1 Z lt/

SURVEY INFORMATION

Describe survey mark location:

F Top edge of highest most casing 0 Brass Marker 0 Both Q None

Other (describe) Vp e a4 o Lo r-
Isstampclearlyvisible? 0 Yes fNo

COMMENTS

it ' PT

go

307 /

0
A-6000 499R~o 1190)C2-100



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number -6 ' Date _.

Inspector (print) 1)9 M n - e

Signature 12 '1 .24,A2 7S l-nt)

WELL IDENTIFICATION ID MARKINGS

Is the well labeled? PYes

5Yes

M Z 4 o3i,

r

V

o No

o No

[ Yes No

Q Yes Q No

Yes Q No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib,
B-Y Tank Farms, B-Pond. etc.)

is well located in a radiation zone?

OYes No

0 Yes No

I Yes Q No

PYes Q No

If no, is one needed?

If no, is one needed?

If yes, identify facility .

if yes, describe zone type >_Q

Q Yes No

Q Yes No

Z V k -h /I-

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? Yes 0 No

Is the cap able to be locked? U Yes No

isthe caplocked? U Yes 1 No

Describe existing problems with well cap, if any, or check none: XNone

CONCRETE PAD

1P None [ 4ft X4ft Q I8 n. x lS in. Q 2 ft round Isit damaged? 0 Yes 0 No

IrregulariDamage (describe)
I---

C2-1O1

A-6000-499 (031W

s~ /

a,

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?'0 %

/'~ rY'. /*# I 2 1/!qt? A



BARRIERPOSTS DOE/RL-91-32
Draft B.

Four posts. mm. 31in. ID, I removable? 9 Yes PNo
If no, describe barrier posts: How many posts? ui Oki Diameter of posts?

Is there a removable post? ( Yes C No
Irregular/Damage (describe)

CA SING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER- RECORD IN INCHES

Indicate diameter of casing. Describe type of caing (.g. carbon steel. stainless steel, PVC, etc.)

Outer casing: OD/ID: g s Type CaCIC ,, S'? /
Innercasing: OD/ID: 1, / Type rd//441 gital
Other casing: COn/D: Type

Other casing: OD/D: Type
Describe condition of top edge of the highest most casing:
o Jagged 9 Uneven 0 Fairly Level ] Beveled

Other (describe) (1 nn 6  -,-- n 44' d.,v 'n p

Describe protective casing damage, if any (e.g., hole in casing, bent. etc.). or check none: [None

Distance from: (check one)

Ground Surface 9 Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
S-Hydrostar C Submersible 3 Bladder EXNone

Describe type of pump system support:
o Hydrostar Plate f Well Seal J 2-Hook 9 Steel Cable 9 Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 12/2 in. ASS l I n. PVC 1/2 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: None

Describe well site irregularities (e.g., down in pit, locked building. etc.) or check none: 0 None

> 1 o21& -2-/A / ,Le a/ca arc

SURVEY INFORMATION
Describe survey mark location:

o Top edge of highest most casmg 9 Brass Marker 9 Both 0 None

Other (describe) /1b 0b(a.. -t (4 .4, ra' tt-
Is stamp clearly visible? 0 Yes C No

.. ACOMMENTS
hIL)M JZ $rior! 2-? n3ts pin a44'r IJ/CIO r . & PCA. ,0. a/ wnde4J der/w (-rJ Cfan aC .r (Q 1- 10r 3 /

T 6 - 5.q -7 + .9 ; r r:St95 bee WTcC.

0

C2-102 A-6000.499R (03/90)



OUU/RL-V1-4.
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

r .-

s-- - -

- -

- 1

4~ro~ywig-fbb

WellNumber Date .2-1 ____

Inspector(print) /71 (Y\ 5'airA tj/mVo*' S

Signature d'29 -Y1

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes. should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

I Yes Q No

( Yes Q No

O Yes PNo
Q Yes Q No

A Yes Q No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib.
8-Y Tank Farms, B-Pond. etc.)

Is well located in a radiation zone?

O Yes No

l Yes No

0 Yes Q No

Yes Q No

if no, is one needed?

If no. is one needed?

if yes, identify facility 0Z4 2

Q Yes No

O Yes No

- f/e

if yes, describe zone type _C7

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? E Yes fl No

Is the cap able to be locked? 9 Yes . No

Is the cap locked? 9 Yes No

Describe existing problems with well cap, if any, or check none: X'None

CONCRETE PAD

None 3 4 ft x 4 ft I l8in. x S in. 0 2 ft round Is it damaged? 9 Yes Q No

irregular/Damage (describe)

C2-103

A-6000-499 (03.10

a'

?71 -1/

(4are OI / Z



;our posts. mm 3 in ID. I removable?

:t no, describe barrier posts:

irregularloamage (describe)

BARRIER POSTS DOE/RL-91-32
0 Yes 4No Draft B

How many posts? /(AA c Diameter of posts?

Is there a removable post? Q Yes 0 No

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER, AND OTHER -RECORD IN INCHES

indicate diameter of casing. Describe type of casil (e. Carbon steel, stainless steel, PVC, etc.)
Outer casing: CD/ID: Type C. _4a v se8-/
Inner casing: CD/ID: Type o 4 u- Ai S e
Other casing: CO/ID: Type
Other casing: 00/ID: Type

Describe condition of top edge o f the highest most casing:
C Jagged Q Uneven [ Fairly Level 0 Beveled

. ther (describe) /i4s' a A (0 4_1 y o / e p 0
Describe protective casing damage, if any (e.g., hole in casing, bent. etc.). or check none: None

'stance from: (check one)

C Ground Surface 0 Cement Pad To top edge of highest most casing

SAMPLING EOUIPMENT INSTALLATION

.Jescribe type of pump system:
o Hydrostar C

iescribe type of pump system support:
[ Hydrostar Plate 0

Describe type of pump system:
o 3/4 in. Stainless Steel 0

Submersible

Well Seal

1 1/2 in. ABS

I regularioamage (describe)

Describe debris present at well site, if any, or check none:

I.

O Bladder

C I-Hook

o 1 in. PVC

Z None

C Steel Cable 0 Pitless Adapter

3 1 1/2 in. galvanized

WELL SITE

p None

.escribe well site irregularities (e.g., down in pit, lacked building, etc.) or check none: E3 None

,4I/I 7e d /.-t-/ #/ Id& / cr aC eet.

SURVEY INFORMATION
Describe survey mark location:

o Top edge of hignest most casing 2 Brass Marker 0 Both 0 None

Other (describe) y ( A rp f i
is stamp clearly visible? Q Yes f3 No

.( COMMENTS

b$TC Ti r2t ID .CP /32./$ 12ern,' /TI-OC .

C2-104 A.6000.499R (OO)

1.. 0

'A'



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

.4

' ~ ~
tn,.7 , 4 rbT~n. .2

-

4.,

1444Zt.4

Well Number 2 -L/ 2 Date

Inspector (print) /Z1I' ( /Vloi. l

Signature - ay& - l

WELL. IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
withwell ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

tgYes Q.No

Yes 0 No

o Yes tNo

Q Yes Q No

9 Yes C No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
'posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib,

*B-Y Tank Farms. R-Pond, etc.)

Js well located in a radiation zone?

Q Yes INo

o Yes No

'7 Yes 0 No

1 Yes Q No

If no. is one needed?

if no. is one needed?

If yes, identify facility 2(e

if yes. describe zone type 5k/-6p

o Yes No

l Yes No

MO Pll

.Jrregular/Damage (describe)

INSPECTWELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? [E2 Yes 0 No

Is the cap able to be locked? Q Yes f No

is the cap locked? Q Yes t No

Describe existing problems with well cap. if any, or check none: MNone

CONCRETE PAD

None Q 4 ft x 4 ft 18 in. x I in 02 ftround Isit damaged? 0 Yes 0 No

Irregular/Damage (describe)

C2 -105

A 6000 499 (13:90)

r



BARRIERPOS DOE/RL-91-32
Four posts, mn 3 in ID. I removable? 0 Yes jLNO Draft B

if no, describe barrier posts: How many posts? fl/g-' Diameter of posts?

Is there a removable post? Q Yes Q No
irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER AND OTHER- RECORD IN INCHES

indicate diameter of casing Describe type ofyasin (e f.garbon steel, stainless steel. PVC. etc.)
Outer casing: OD/ID; 57Z 1 Type i, v\ co.
Inner casing: 0D/ID: Type
Other casing: 00/ID: Type
Other casing: 00/D: Type

Describe condition of top edge of the highest most casing:
o lagged Q Uneven Fairly Level B 8eveled

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing, bent, etc.). or check none: Bone

Distance from: (check one)

P Ground Surface 9 Cement Pad To top edge of highest most casing .. 3 1.

SAMPLING EQUIPMENT INSTALLATION
Describe type of pump system:

E Hydrostar. E Submersible [ Bladder 17 None
Describe type at pump system support:

( Hydrostar Plate Q Well Seal Q J-Hook Q Steel Cable 0 Pitless Adapter
Describe type of pump system:

U 3/4 n. Stainless Steel Q 1 112 in. ABS 1 in. PVC 9 1 112 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any, or check none: None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: 0 None

SURVEY INFORMATION
Describe survey mark location:

o Top edge of highest most casing 0 Brass Marker [ Both 0 None

Other (describe) (na/ e (- r7vtl... - rCCpn OJ eu-eL(
Is stamp clearly visible? 3 Yes 0 No

A C1 COMMENTS
(4 - eA r£p. e an i 0r- 't .t v ors . ( rg 7  - r' r/af&q

X~r- ~ t ~ t - Q.9rig,, /;o-qff' bdox'r -rco I
A-6000.499R (03t9O)C2-106



DOE/RL-91-32
- Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD

- 47.2 -

z~t-WU-r

, -

INSPECTION REPORT

WellNumber 297WItS Q Date o2-/- I

inspector (print) 117M

Signature

/Zurc- , Sqnwor2

4920- / O7 a - 5ntacn

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

tYes

4 Yes

[ Yes

[j No

9 No

J3j No

Q Yes Q No

[ Yes 0 No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particufar facility? (e.g. 216-A-10 crib.
0-Y Tank Farms. 8-Pond. etc.)

swell located in a radiation zone?

Q Yes 7No

f Yes No

Yes QNo

Yes Q No

If no. is one needed?

If no. is one needed?

if yes, identify facility /

If yes, describe zone type S (y

o Yes No

QYes No

14 -A,~

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? Yes [3 No

Is the cap able to be locked? 0 Yes g No

Is the cap locked? Q Yes JNo

Describe existing problems with well cap. if any, or check none: ErNone

CONCRETE PAD

IqNone 9 4 (t x 4 ft Q 18 in. x 18 in, 2 ft round Is it damaged? 9 Yes 0 No

Irregular/Damage (describe)

C2-107

A 6000 499 (03'90)



Four posts. min. 3 in. 1D, 1 remov

It no, describe barrier posts:

irregular/Damage (describe)

BARRIERPOSTS DOE/RL-91-32
able? 0 Yes t N4 Draft B

How many posts? 6fli2hm. Diameter of posts?

Is there a removable post? 0 Yes 0 No

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER, AND OTHER -RECORD IN INCHES

Indicate diameter of casing Describe type of ca ing (e.g. carbon steel, stainless steel. PVC. etc.)

Outer casing: OD/ID: 2 " Type (g'r L/ v, S .

Inner casing: OD/ID: Type

Other casing: ODD: Type

Othercasing: O/ID: Type.
Describe condition of top edge of the highest most casing:

[ Jagged Q Uneven PFairly Level Q Beveled
Other (describe)

Describe protective casing damage, if any (e.g., hole in casing, bent, etc.), or check none: 1W|None

Distance from: (check one)

0 Ground Surface 0 Cement Pad To top edge of highest most casing /7Q1Q2DYO( 3- ;_
rfl4 ketLStted.

SAMPLING EQUIPMENT INSTALLATION
Describe type of pump system:1

O] Hydrostar. Submersible 0 Bladder None

Describe type of pump system support:
o Hydrostar Plate 9 Well Seal 9 i-Hook 0 Steel Cable PitlestAdapter

Describe type of pump system:
o 3/4 in. Stainless Steel Q 1 1/2 in ABS 1 in. PVC 0 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any, or check none: %None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: 0 None

ow(/n nvl 6,27/ -2/ A 4 l /ore pr o

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 3 Brass Marker 3 Both 0 None

Other (describe) fL/aa, A -, A JA'kAr A I kcCaf s 0-f fY2 -S

is stamp clearly visible? 0 Yes 0 No

-- COMMENTS

N 4 ac!ed .nozJ +it . 0-.20 scalp . Agcgpgr a (
d eola erd coork50 fOpn . t -YJ6 sra/

bT-r iat /. 9'/" + Q.97q' =/7. '-/3 / belo,) 720C,

--

3.3o a44

4I

C2-108 A-6000-4g9R (03,90)



UOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

- ,

-.... .. . .

*- / --. a-t 7

W411 Number _-__________

Inspector (print) Mm Rou

Signature -?r RflIAJ

Date

-cn'lcS-

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

KYes

NiYes 5 No

E Yes NNo

Q Yes Q No

Yes [ No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an jientification sign
posted at entrance to access route?

Q Yes VNo

o Yes hNo

If no. is one needed?

If no. is one needed?

Q Yes No

o Yes JZNo

is wqii located in or around a Yes
particular facility? (e.g, 216-A-10 crib,
B-Y Tank Farms. B-Pond, etc.)

Is well located in a radiation zone?

0 No

Yes [I No

if yes, identify facility O2C 4 -

if yes. describe zone type r3j C-an- Gflf-tM IoQdn

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? Yes Q No

Is thecap able to be locked? 0 Yes No

Is the caplocked? 0 Yes No

Describe existing problems with well cap. if any. or check none: None

CONCRETE PAD

VNone Q 4 ftx4 ft 18n x 18in 0 2 ft round Isitdamaged? U Yes 0 No

Irregular/Damage (describe)

C2-109

A 6000. 499 o( 119,



IARRIERPOSTS DOE/RL-91-32

Four posts, mm. 3 n Io, I removable? 0 Yes No Draft B

if no, describe barrier posts: How many posts? /1/VW Diameter of posts?

Is there a removable post? 0 Yes ] No

irregular/Damage (eribe)h

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE. INNER, AND OTHER-RECORDININCHES

Indicate diameter of casing. Describe type of casino la carbon steel, stainless steel. PVC. etc.)

Outer casing: OD/iD: _ 9 _ _/ _ Type Cc-d (0 S-ke I/

Inner casing: OD/ID: Type

Other casing: OD/D: Type

Othercasing: OD/ID: Type

Describe condition of top edge of the highest most casing:

o Jagged 9 Uneven 9 Fairly Level 0 Beveled

Other (describe) __ 46 (-- A Ja/W/l at,

Describe protective casing damage, if any (e.g.. hole in casing, bent. etc.). or check none: 5rNone

Distance from: (check one)

o Ground Surface 0 Cement Pad To top edge of highest most casing 1.6( 0

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. 0 Submersible 0 Bladder InNone

Describe type ot pump system support:
o Hydrostar Plate Q well Seal E J-Hook Q Steel Cable 0 Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 0 1 112 in. ABS 0 1 n. PVC 0 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any. or check none: None

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: 0 None

f)<qvi Fn aQ4-2-,4 -bk i/d. laded are

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 Brass Marker 0 Both 0 None

Other (describe) ( 0- E cle - t 9

Is stamp clearly visible? O Yes O NO

COMMENTS

(5h~ ,A6.73tS z. c6.-/ A oJ -1-C-,
tA-6000*499R (03iS0

C2-110

b
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UUE/RL-91-3R
Draft B -

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD

In- -%---

l o

1-%46 /7 /--7

INSPECTION REPORT

Wel[Number -a/-/70 o Date 2--?/

Inspector (print)

Signature 7/I / -)/-n9O/f

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

M7Yes 9 No

IX7Yes O No

QYes PNo

OYes OtNo

p Yes Q No

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identificauon sign
posted at entrance to access route?

Is well located in or around a
particular facility' (e.g. 216-A- 10 crib,
0-Y Tank Farms, a-Pond. etc.)

Is well located in a radiation zone?

0 Yes '0No

[ Yes ONo

Yes Q No

Yes [ No

If no, is one needed?

If no, is one needed?

j Yes No

] Yes No

If yes. identify facility . -I/ A -

If yes, describe zone type rCf- rc

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? IfYes ( No

Is the cap able to be locked? [ Yes $No

Is the caplocked? C Yes M No

Describe existing problems with well cap, if any, or check none: None

CONCRETE PAD

f None 9 4 It x 4 ft 0] 18in.x18 on. 0 2 It round Is it damaged? Q Yes 0 No

irregular/Damage (describe)

C2-111

A 6000 499 (03'90)
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Four posts. mn 3 in ID, 1 removable?

it no. describe barrier posts:

SDOE7RL-9IS32BAmRIhIPOSTS Draft B
E Yes 7 No

Howmanyposts? flcvt2-. Diamete

is there a removable post? 0 Yes 0 No

- .-. I

I Ui

irregular/Damage (describe)

CAN INFORMATION
CASING DIAMETERS: OUTER (SURFACE)INNER, AND OTHER- RECORD IN INCHES

indicate diameter of casing, Describe typ casipg(e carbon steel. stainless steel. PVC, etc.)

Outer casing: OD/ID: / (6/Type

Inner casing: OD/ID: Type

Other casing: OD/ID: Type

Other casing: ODID: Type _

Describe condition of top edge of the highest most casing:

o Jagged 3 Uneven 9 Fairly Levet Bev

Other (describe) ; Ct red _ ,1
Describe protective casing damage, if any (e.g., hole in casing, bent. etc.). or check none:

,zorb - s-er]

eled +fa.reoL

g None

Distance from: (check one)

0 Ground Surface 0 Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar [ Submersible Q Bladder None

Describe type of pump system support:
o Hydrostar Plate 9 Well Seal 9 J-Hook 0 Steel Cable C Pitless Adapter

Describe type of pump system:

[3 3/4 in. Stainless Steel 0 1 1/2 in. ASS fI in. PVC 9 1 1/2 in. galvanized

IrregulariDamage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: None

Describe well site irregularities (e.g., down in pit, locked building. etc.) or check none: 9 None

, onu tn OQI4--(A keAeL locked one-.

SURVEY IFORMATION

Describe survey mark location:

Top edge of highest most casing E Brass Marker ] Both 9 None

Other (describe)

Isstampclearly visible? PYes 0 No

COMMENTS

14JU Je-IPo4wc .5 a M c/OMA-t. ,s&
b T-3 .9 7/' y' = 31.73' /&6t -Alp z
-.. deAr e J A g radfrf2 -'orl C M 1'ntp

4

//

-? 2 3 '

0

( Of P'.)ts _

C2-112 A-6000-499R (03ft)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Numberql/ 3 W7/ Date / 9?

Inspector (print) /lj/i 6 ecer-cL.. /rflnS

Signature WELETFATN MARpNGS"

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

If yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass mark er stam ped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

Yes

Yes

o No

o No

C Yes No

0 Yes %No

Q Yes No

Irregularities

/

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at ent, ance to access route7

[swell located in or around a
particular facility? (e.g. 216-A-10 crib.
S-Y Tank iarms. a-Pond. etc.)

Iswell located in a radiation zone?

Irregular/Damage (describe) _

o Yes ?No

o Yes KNo

YesQ No

0 Yes No

If no. isone needed?

If no. is one needed?

if yes. identify facility ,3.

If yes, describe zone type -

O Yes MNo

o Yes Nc

11#-X- 1 -A

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? VYes 0 No

Is the cap able to be locked? 0 Yes - No

Is the cap locked? U Yes 1. No

Describe existing problems with well cap. if any, or check none: $9 None

CONCRETE PAD

1 None Q 4 ft x 4 ft Q S in. x 18 in. C 2 ft round is it damaged? 0 Yes Q No

Irregular/Damage (describe)

C2-113

A 6000 499 (0 3f90)
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Four posts. mm. 3 in ID, I removable?

if no, describe barrier posts:

Irregular/Damage (describe)

_ _ .- bOE/RL-91-32
BAkRIER POSTS Draft B

9 Yes ;No

How many posts? l) OfL.- Diameter of posts?

Is there aremovable post? ] Yes 0 No

_ _ 0)1 C . -

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER- RECORD IN INCHES

indicate diameter of casing Describe type of ca ng (e.g carbon steel, stainless steel, PVC. etC)

Outer casing: OD/ID: 9 H,, / 3 Type Th tovi s/a
Inner casing: ODID: Type

Other casing: OD/ID: Type

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:

o Jagged 0 Uneven RFairlyLevel 0 Beveled

Other (describe)

Describe protective casing damage. if any (e.g.. hole in casing, bent. etc.). or check none: I None

Distance from: (check one)

) Ground Surface E Cement Pad To top edge of highest most casing -

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar 0 Submersible 0 Bladder None

Describe typeof pumpsystem support:
o Hydrostar Plate Q Well Seal Q J-Hook 0 Steel Cable 0 Pitless Adapter

Describe typeof pump system:
[ 34 in. StainlessSteel 9 1 1/2 in ABS 1 in. PVC 1 112 in. galvanized

Irregular/Damage (describe)

WELLSITE

Describe debris present at well site. if any. or check none: None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: None

SURVEY INFORMATION

Describe survey mark location:

Q Top edge of highest most casing 0 BrassMarket 0 Both L None

Other (describe)

Is stampclearly visible? TAYes Q No

COMMENTS

?) %, /.28. 21' -4 <R.t' AO~rut 4cp-c-caae -e*/ ,3 /. /t

tt nlrfl'v b t wellrr qt4 4 aLD 4V

-Aree- t.. kro.I .c 1 0CA'

I

1 2
p,

A-6000-499R (03190)C2-114



DOE/RL-91-32
Draft B -

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

-- -U

2-{-9' >fl9iv't-/7 2

WellNumber A"'?f -- 9 Date F1

Inspector (print) Vf 2 7 S16,-U / /Z 07..S'

Signature 777 - J Ifal

WELLIDENTIFICATIO

Is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass marker?

If yes, is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

Irregularities

N ID MARKINGS

' Yes

Yes

o No

o No

o Yes S'No

QYes Q No

P Yes Q No

WELL SITE IDENTIFICATION

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 21 -A-10 crib.
B-Y Tank Farms. S-Pond. etc.)

is well located in a radiation zone?

D Yes g No

Q Yes f No

1 Yes Q No

P Yes 0 No

If no. isone needed?

If no. is one needed?

If yes, identify facility -1/6

Q Yes PNo

E] Yes ) No

-7- 4l 4;1

If yes, describe zone type sYc c fC

IrregulariDamage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Isthe well capped? (Yes ] No

Is the cap able to be locked? 0 Yes gNo

Is the cap locked? 0 Yes ; No

Describe existing problems with well cap, if any, or check none: None

CONCRETE PAD

None C 4ftx4ft 018 in. x 18 in. 0 2 t round Isat damaged? 5 Yes [ No

irregular/Damage (describe)

C2-115

A 6000 499 (03:90
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DOE/RL-91-32
BARRIER POSTS Draft B

Four posts. men 3 in. ID, I removable? 9 Yes VNo

If no, describe barrier posts: How many posts? 'nj 7Y~e- Diameter nf gost?
Is there a removable post? ] Yes 9 No

Irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER - RECORD IN INCHES

Indicate diameter of casing. Describe type of casin (e.g. carbon steel, stainless steel. PVC. etc.)

Outer casing: OD/ID: ' Type rofr Lv

Inner casing: OD/ID: Type

Other casing: ODAD: Type

Other casing: OD/ID: Type
Describe condition of top edge of the highest most casing:

[ Jagged Q Uneven [ Fairly Level [ Seveled

Other (describe) tln ah e-k dejkri/ , 1 (ca -A cakn-f
Describe protective casing damage, if any (e.g., hole in casing, bent. etc.). or check none: None

Distance from: (check one)

[ GroundSurface 9 CementPad Totopedgeofhighestmostcasing .. /?&b/e. A">d nt/,kc

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar 9 Submersible 3 Bladder 3 None

Describe type of pump system support:
o Hydrostar Plate 9 Well Seal 9 J-Hook 0 Steel Cable 9 Pitless Adapter

Descnbe type of pump system:
o 3/4 in. Stainless Steel 0 1 1/2 in. ABS 1 in. PVC 0 1 1/2 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: None

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: 9 None

A/V a /pIf Ue Ia a 7-J- ar.(a A7,e- . 2 /6-2/ 411%, 4 1 /crke

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing B Brass Marker 0 Both 0 None

Other(describe) . vtb1-& n dt/r n i
Is stamp clearly visible? 0 Yes 0 No

COMMENTS

ca- a n ,rrfa. nMoer d (.'t -/n a. fii7 --

'a

C2-116 A-6000.499R (03190)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

WellNumber .Q-W1 /73 Date ,2-

Inspector (print) / /? Rai r - r 9% ,lrl £

Signature V 7- wngno

WELL IDENTIFICATION ID MARKINGS
St4.

Is the well labeled? Yes 0 No

If yes, should the casing be VYes Q No
relabeled?

Doesthewell haveabrass marker? 0 Yes !o

If yes, is the brass marker stamped Q Yes 0 No
with well ID?

Does the casing need to be painted/ 1A Yes 0 No
repainted thus requiring relabeling?

Irregularities

WELL SITE IDENTIFICATION

Does well have a barber pole? 0 Yes No if no, is one needed? Q Yes No

fDoes well have an identification sign 0 Yes No If no. is one needed? 0 Yes & No
posted at entrance to access route?

is well located in or around a t Yes 0 No If yes, identify facility .,216- Z'Ih
particular facility? (e.g. 216-A- 10 crib,

-8-Y Tank Farms, a-Pond. etc.)

well located in a radiation zone? Yes 0 No If yes, describe zone type S(,ar e 0416471wrtd1S&j
C "Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

is the well capped? Yes Q No

Isthe cap able to be locked? 0 Yes I9 No

is the cap locked? Q Yes P No

Describe existing problems with well cap, if any. or check nonet 0 None

CONCRETE PAD. F None Q 4 ftx4 ft 9 18 in. x 18 in. 2 ft round Isitdamaged? 0 Yes Q No

irregular/Damage (describe)

C2-117
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BARRIERPPOSTS OraT B
Four posts, min. 3 in. ID. I removable? 0 Yes No

if no, describe barrier posts: How many posts? fn Cv\ 9- Diameter of posts?

Is there a removable post? 0 Yes ] No

Irregular/DamagO (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE) INNER AND OTHER -RECORD IN INCHES

Indicate diameter of casing. Describe type of cpsi (e.g. carbon steel, stainless steel, PVC. etc.)

Outer casing: 00/ID: / ?Type . j
Inner casing: OD/ID: Type

Other casing: OD/D: Type

Other casing: OD/lD: Type
Describe condition of top edge of the highest most casing:

o Jagged uneven Fairly Level B Rev

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing, bent, etc.). or check none:

Distance from: (check one)

-0 Ground Surface

urfov /M S 6

eled

§kNone

2 Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
0 Hydrostar 9 Submersible 9 Bladder ENone

Describe type of pump system support:
o Hydrostar Plate 9 well Seal 9 J-Hook C Steel Cable C PitlessAdapter

Describe type of pump system:
o 314 in. Stainless Steel 0 1 1/2 in. ABS C 1 In. PVC 0 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any, or check none: None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: 0 None

(AIM 4 A /o. /cctl-d 'rm.

SURVEY INFORMATION

Describe survey mark location:

Top edge of highest most casing 0 Brass Marker ] Both 0 None

Other (describe)

isstampclearlyvisible? 3 Yes 0 No

COMMENTS

O v\rA [4JUt\Q ri e - n ngtA:'r V 1 2 nrS

S- 9'R V ,f .- 9 .t FZZ/ b 1ow r Crc casS/n-nq

4+P der/-4e,:ce/ 100 Awe dC. ad d dt'2e /a.

I

p

A-6000-499R (03Mg)C2-118



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number -W 7 t7' Date .- f-

inspector (print) M7' V? R042 A M tnta'i.?

Signature %M -7 A (.nz -- m-mtt/

WELL IDENTIFICATION ID MARKINGS

Is the welllabeled? I Yes C] No

If yes, should the casing be faYes E No
relabeled?

Does the well have a brass marker? ] Yes [I No

If yes.is the brass marker stamped f] Yes f No
withwellID?

Does the casing need to be painted/ &4 Yes E No
repainted thus requiring relabeling?

r 17lr j Irregularities _____________________

WELL SITE IDENTIFICATION

Doeswell have a barber pole? 0 Yes No If no, is one needed? 0 Yes No

Does well have an identification sign 0 Yes @ No If no. is one needed? 0 Yes No
posted at entrance to access route?

Is well located in or around a Yes 0 No If yes, identify facility 2(-
particular facility? (e.g. 216-A-10 crib.
1-Y Tank Farms. B-Pond. etc.)

'Is well located in a radiation zone? Yes 0 No If yes, describe zone type (u r-kcf Ctfz tta+

Irregular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? 1 1 Yes 0 No

Is the cap able to be locked? 9 Yes )n No

Isthecaplocked? . EYes PNo
Describe existing problems with well cap. if any, or check none: CNone

CONCRETE PAD

None 0 4 ft x 4 lt C 8in. x IS in. 2 it round Isitdamaged? 0 Yes 0 No

IrregulariDamage (describe)

C2-119
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SAtUERPOSTS DOE/RL-91-32
Draft B

Four posts, min. 3 in. ID. 1 removable? £3 Yes I No

if no. describe barrier posts: How many posts? ~OWL Diameter of posts?

is there a removable post? £ Yes 0 No

irregular/Damage (describe) q4
CASING INFORMA TION

CASING DIAMETERS: OUTER (SURFACE INNER. AND OTHER -RECORD IN INCHES

Indicate diameter of casing. Describe type of casing (e.g. carbon steel, stainless steel. PVC, etc.)

Outer casing: ODD1: 857/8,1/ { Type, COX evi, !

Inner casing: OD/ID: Type

Other casing: OCD/D: Type -

Other casing: OD/ID: Type

Describe condition of top edge of the highest most casing:

o Jagged Q Uneven jFaIrly Level £ Beveled

Other (describe)

Describe protective casing damage, if any (e.g.. hole in casing, bent. etc,). or check none: None

Distance from: (check one)

1$Ground Surface £ Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pumpsystem:
o Hydrostar. £ Submersible £ gladder None

Describe type of pump system support:

o Hydrostar Plate 0 Well Seal 0 J-Hook 0 Steel Cable 0 Pitless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel 0 1 112 i. ABS 0 1 in PVC Q 1 1/2 in, galvanized

irreguarn/Damage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: None

Describe well site irregularities (e.g.. down in pit, locked building. etc.) or check none: £ None

ow IuA ;/g-Z-/A 4& 4/cLedA atxect.

SURVEY INFORMATION

Describe survey mark location:

O Top edge of highest most casing 0 Brass Marker D Both t4 None

Other (describe)

isstamp clearly visible? O Yes O No

.. 2/ - qCOMMENTS

e)T( L.-2 4' f .9 =19 7;2 be/a z
I

C2-120 A-6000-499R (03t90)



UUt/RKl--d -J4
Draft B 15'0- t75

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

s-I

4t7- / .5

Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

!s welt located in or around a
particular facility?(e.g. 216-A-10crib.
8-Y Tank Farms, B-Pond. etc.)

Is well located in a radiation zone?

Irregular/Damage (describe)

Is the well labeled?

If yes, should the casing be
relabeled?

Doesthe well have a brass marker?

if yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

o Yes

b(Yes

o Yes

o Yes

IxNo

C No

7 No

QNo

,Q Yes Q No

Irregularities

WELL SITE IDENTIFICATION

Q Yes No if no. is one needed?

[3 Yes No If no. is one needed?

VYes l No

Yes Q No

if yes. identify facility / -- ."/

o Yes No

QYes No

&-N4' A(

it yes. describe zone type .X% u /a . k

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is thewell capped' 7Yes Q No

is the cap able to be locked? L Yes WNo

is thecaplocked? Q Yes '.No

Describe existing problems with well cap, if any. or check none: I None

CONCRETE PAD

1None Q 4 ftx4 ft Q 18 in. x IS in. f 2 ft round Is it damaged? 0 Yes 0 No

Irregular/Damage (describe)

C2-121

A 6000.d99 (43.:90%

71'p

WellNumber,'9-p//2-/75 Date /-29-9 /

Inspector (print) n7 47 SU1- (5 /1 A1nOs

Signature ya1f oto ,-Ctnvnmn

WELL IDENTIFICATION ID MARKINGS

-



Four posts, mm. 3 in., 1.I removable?

If no, describe barrier posts:

BARRIERPOSTS

0 Yes 'MNo

How many posts?

DOE/RL-91-32
Draft B

Diameter of posts?

Is there a removable post? ] Yes 3 No

irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE) INNER. AND OTHER--RECORDiN INCHES

indicate diameter of casing. Describe type of capIng (e.g. carbon steel, stainless steel. PVC. etc.)

Outercasing: OD/D: 77 5 Y Type 0rQLV- gd-&

Inner casing: OD/ID: Type

Other casing: O/ID; Type

Other casing; 00110: Type

Describe condition of top edge of the highest most casing:

O Jagged 0 Uneven Fairly Level 0 Beveled

Other (describe) 11 0np c w14 *i duc'+ 4a 0a
Describe protective casing damage. it any (e.g.. hole in casing. bent, etc.). or check none: 4None

Distance from: (check one)

'g Ground Surface Q Cement Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. 0 Submersible f Bladder .,None

Describe type of pump system support:

o Hydrostar Plate 0 Well Seal 0 J-Hook 0 Steel Cable 0 PitlessAdaptef

Describe type of pump system:
9 314 in. Stainless Steel Q 11/2 in. ABS 1 I in. PVC 9 11/2 n. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any, Or check none: None

Describe well site irregularities (e.g.. down in pit, locked building, etc.) or check none: 0 None

rfnn n 4 . -, / -2-/F J/k... 21 /6

SURVEY INFORMATION

Describe survey mark location:

o Top edge of highest most casing 0 BrassMarker 0 Both None

Other (describe) Yopo 4 n r 4A'c 60p ed 3

Isstampclearlyvisible? 0 Yes No 6

COMMENTS

!>-'-i% sJet 6 /t.325' ?d./u -Ap> /rnmar
Mo~-e/a ::&J2 repys I.M f b ~ f

AIA OQflaAlg'C kfqAzxriv ,A.44A Le -6% MCIA I. a
V"00 + rld be 6 PT. ex -~- /0Q Cam /A

only no deh, Y-

C2-')Inh 122 Ad2-6-9R(3

4___
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DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

Well Number of-32-20 Date 2L/ / t

Inspector (print) -r 0F9n>AA4

Signature

- WELL IDENTIFICATION ID MARKINGS

rip- Is the well labeled? Prefs j No

If yes, should the casing be I Yes g-No
relabeled?

Does thewell have a brass marker? 0 Yes [U-fib

if yes,is thebrass markerstamped 0 Yes 0 No
withwellID?

Does the casing need to be painted/ 2 e Q No
repainted thus requiring relabeling?

Irregularities

WELL SITE IDENTIFICATION

oes well have a barber pole? Er es ff No if no, Isone needed? l Yes C No

0oeswell have an irintrfication sign W-e< U No if no. is one needed? 0 Yes 0 No
b6toed at entrance to atcess route?

Is velllocated in or around a 0 Yes W o If yes, identify facility
particular facility? (e.g. 216-A-tOcrib,

T-' Tank Fairns. B.Pond, etc.)

Is well located in a radiation 2one? r Yes [-1v - If yes. describe zone type

iegular/Damage (describe)

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? [.'?es ) No

is the cap able to be locked? Qkfes U No

Is thecap locked? fGfles Q No

Describe existing problems with well cap, if any, or check none: [-V'ne

CONCRETE PAD

None 0 4ftx4ft U18 in x 18 im. 0 2 ft round Ititdamaged? 0 Yes 0 No

Irregular/Damage (describe)

C2-123



ARRItPUSIS DOE/RL-91-32
Draft B

Four posts. mm. 3 in. ID, 1 eunovoble? [ Yes jlN-

If no, describe barrier posts: How many posts? .Al4S Diameter of posts?

Is there a removable post? U Yes U No

Irregular/Damage (describe)

CASINGINFORMA TION
CASING DIAMETERS: OUTER (SURFACE) iNNER. AND OTHER--RECORD ININCHES

Indicate diameter of casing. Describe type of casing (e.g. carbonr teel. stainless steel. PVC. etc.)

Outer casing: ODAD: 5 9k / 4 Type CA4&'*J ST"ec-
Inner casing: OD/ID: Type

Other casing: OD/ID: Type

Other casing: O/iD: Type
Describe condition of top edge of the highest most casing:

Q Jagged ( Uneven 2-fa-iy Level 9 Beveled
Other (describe)

Describe protective casing damage. it any (e.g.. hole in casing, bent. etc,). or check none: 0 None

ALt i, C'gSagc, ,lQe e j -A-cw'
Distance fto : (check one)

is round Surface E Cement Pad Totopedgeof highest most casing - 0

SAMPLING EQUIPMENT INSTALLATION

Describe type ot pump system:
o Hydrostar. Q-Saimersible 1 Bladder 0 None

Describe type of pump system support:
Q Hydrostar Plate 0 Well Seal ff jicok 9 Steel Cable Q Ptless Adapter

Describe type of pump system:
o 3/4 in. Stainless Steel W-62 in. ABS t in. PVC 1 11/2 in. galvanized

Irregular/Damage (describe)

WELL SITE

Describe debris present at well site, if any. or check none: Wl1rane

Describe well site irregularities (e.g.. down in pit. locked building. etc ) or check none: [D-4fbne

SURVEY INFORMATION

Describe survey mark location:

Q1- Kedge of highest most casing Q Brass Mdrker 0 Both 0 None

Other (describe)
is stamp clearly visible? 0 ( No

COMMENTS

Thrt-O ' 68 .1/ 3 .co Toc, 5 - TA Fe
C;N12 =609 (030''

C2- 124 A-6000-4S9R (03i90)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

ti--if

9v-t.7f

is the well labeled?

if yet, should the casing be
relabeled?

Does the well have a brass marker?

if yes. is the brass marker stamped
with well ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

Irregularities

-Does well have a barber pole?

Does well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e.g. 216-A-10 crib.
R-Y Tank Farms.8-Pond, etc.)

s well located in a radiation zone?

Irregular/Damage (describe) _

WELL SITE IDENTIFICATION

o Yes WNo If no.isoneneeded?

o Yes 0 No If no. isone needed?

IYes ONo

Q Yes g No

,5 Yes Q No

J1 Yes 0 No

If yes, identify facility _

if yes, describe zone type

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? Yes U No

Is thecapable tobe locked? 3i Yes Q No

Is the cap locked? jo Yes U No

Describe existing problems with well cap. if any, or check none: f5 None

I;None U d ftx 4 ft

Irregular/Damage (describe)

U 18 in. x IS in.

CONCRETE PAD

j 2 ft round Is it damaged? Q Yes Q No

C2-125

WellNumber 499.39-? Date 2-2/

inspector (print) -/~4 / O

Signature

WILL IDENTIFICATION Il MARKINGS

Yes

Yes

O Yes

OYes

Yes

O No

] No

No

oNo

o No



UUE/RL-91-32
Draft B

Four posts, min. 3 In.1. I removable? Q Yes J9 No

It no. describe barrier posts: How many posts? Diameter of posts?

Is there a removable post? 0 Yes E No

Irregular/Damage (describe)

CASING INFORMATION
CASING DIAMETER$: OUTER (SURFACE) ,INNER. AND OTHER - RECORD IN INCHES

Indicate diameter of casing. Describe type of casing (a g. carbon steel, stainless steel. PVC. etc.)
Outer casing: O/ID: P'r "' r Type Cc-he S9../
Inner casing: CD/ID: Type

Other casing: O/ID: Type

Other casing: OD/D: Type
Describe condition of top edge ol the highest most casing:

Q Jagged El Uneven f Fairly Level [ Beveled_
Other (describe)

Describe protective casing damage. it any (e.g.. hole in casing, bent. efc.). or check none: 0 None
"?'7, ./e. - .G-N

Distance from: (check one)

0 Ground Surface 0 Cement Pad To top edge of highest most casing 2 C //-

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
o Hydrostar. [ Submersible 0 Bladder 0 None

Describe type of pump system support:
El Hydrostar Plate Q Well Seal J J-l look 9 Steel Cable 0 Pitless Adapter

Describe type of pump system:
o 314 in. Stainless Steel I 112m. AaS 1 in. PVC I 112 in. galvanized

Irregular/Oamage (describe)

WELL SITE

Describe debris present at well site, it any, or check none: t3 None

Describe well site irregularities (e.g.. dbwn in pit. locked building. etc ) or check none: J3 None

SURVEY INFORMATION

Describe survey mark location:

JO Topedge of highest most casing 9 Brass Marker El Both 9 None

Other (descrbe)

Isstampclearlyvisible? )[Yes ElNO

COMMENTS

Z74 - -2o . -o AE-Tle-

p0

C2-126 A-6000-499Ht (03190)



DOE/RL-91-32
Draft B

RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

a99- 9go's

WellNumber (99-3-85 Date _,__._-__

InSpector(ptint) RF1F &FIMAi. I

Signature

WELL IDENTIFICATION ID MARKINGS

Is the well labeled?

if yes, should the casing be
relabeled?

'Does the well have a brass marker?

If yes, is the brass marker stamped
withweillD?

Does the casing need to be painted/
repainted thus requiring relabeling?

irregularities

rEres 0 No

[fl1eg [ No

Q Yes [aN6

W-freS Q No

WELL SITE IDENTIFICATION

}Does well have a barber pole?

D0oeswell have an iuentsfication sign
posted at entrance to access route?

Is well located in or arowud a
Harticular facility? (e g. 216-A- TOcrib.
B-Y Tank Farms. B-Pond. etc )

swell located in a radiation zone?

Irregular/Damage (describe)

U3 es 0 No

CTY., 0 No

[D-es 0 No

O Yes GEg-n

If no, is one needed?

If no. is one needed?

If yes. identify facility s

if yes. describe zone type -

D Yes 0 No

o Yes 0 No

INSPECT WELL SURFACE PROTECTION MEASURES
WELLCAPS

Is the well capped? [-4fs Q No

Is the cap able to be locked? [8'ies Q No

Is the caplocked? ak,.'s Q No

Describe existing problems with well cap. if any, or check none:

CONCRETE PAD

I n None L it a 4 ft 9 18,m 18,n ] 2 It round It at damaged? [ Yes [fl-No

Irregular/Damage (descrsbe)

C2-127

Ej No



Four pusts. mm. 3 In. 11,1 r emovable?
It no. describe barrier posts:

Irregular/Damage (describe)

flAiIHutlPOSTS DOE/RL-91-32
0 Yes [D-N Draft B
How many posts? A Diameter of posts? .. A
Is there a removable post? C) Yes 9 No

CASING INFORMATION
CASING DIAMETERS: OUTER (SURFACE). INNER. AND OTHER- RECORD IN INCHES

Indicate diameter of casing. Describe type of casing (# g. carbon steel, stainless steel, PVC, etc.)

Outer casing: OOlD: l a/* 17 5.6 Type e AeXO/L 'S '.
Inner casing: OD/iD: Type
Other casing: ODJID: Type
Other casing: 00110: Type

Describe condition of top edge of the highest most casing:
[I2-gqed [ Uneven 0 Fairly Level [I Beveled

Other (describe)

Describe protective casing damage. it any (e g., hole in casing, bent. etc.). or check none: 0 None

~ctt~A-wv ~Cc,~M- PA.

Distance from: (check one)

[ Ground Sur face 01-&ment Pad To top edge of highest most casing

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
ol Hydrostar. M-Submersibl E Bladder El None

Describe type of pump system support:
0 Hydrostar Plate 9 Well Seal fj .took C Steel Cable Q Pitless Adapter

Describe type of pumpsystem:
o 3/4 in. Stainless Steel [-r112 in. ABS 9 1 in. PVC 0 1 1/2 in. galvanized

irregular/Damage (describe)

WELL SITE

Describe debris present at well site. if any, or check none: [3-tdiie

Describe well site irregularities (e.g.. down in pit. locked building. etc.) or check none: Q-Nrne

SURVEY INFORMATION

Describe survey mark location:

El-rTopedge of highest most casing 0 Brass Marker Q Both Q None

Other (describe)

isstampclearly visible? [ Yes E No

COMMENTS

T'r ) - Q 77 .- 2 ICC. E--ag e

CZ- 128 A6GOO 499R (0 ip

C2-128 A-6000-49gR(03190)
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RESOURCE PROTECTION GROUNDWATER WELL
STRUCTURE FIELD INSPECTION REPORT

4fka!'1- VP"

WellNumber .A7 --4-z9 Date 2 2.1 -

Inspector (print) 1 4 4

Signature -x /,y

WELL IDENTIFICATION ID MARKINGS

is the well labeled?

if yes, should the casing be
relabeled?

Does the well have a brass mark er?

if yes, is the brass marker stamped
withwell ID?

Does the casing need to be painted/
repainted thus requiring relabeling?

S Yes 0 No

E Yes P No

[g Yes 9 No

QYes 0No

0 Yes 2 No

Irregularities

WELL SITE IDENTIFICATION

ooes well have a barber pole?

'Poes well have an identification sign
posted at entrance to access route?

Is well located in or around a
particular facility? (e g, 216-A- 10 crib.
a-Y Tank Farms. B-Pond. etc.)

Is well located in a radiation zone?

P Yes f No

[2 Yes 5 No

[53 Yes 0 No

] Yes ;3 No

if no. is one needed?

If no.is one needed7

Q Yes 0 No

U Yes 0 No

if yes, identify facility /Lu of 206 CV)

if yes. describe zone type
9 regular/Damage (describp)

INSPECT WELL SURFACE PROTECTION MEASURES
WELL CAPS

Is the well capped? H Yes 5 No

Is the cap able tobe locked? VI Yes 5 No,

Is the caplocked? P Yes Q Nn

Describe existing problems with well cap, if any. or check none: jf None

CONCRETEPAD

I n None Y 4 ft x 4 It 0 l8m x i8m U 2 It round Is it damaged? Y e s 9 N o

lrregular/famage (describe)

C2-129

I

.00, Z*



fu puns. min. 3 in. ID. I geinovdble? Yes R No Draft B

It no, describe baggier posts: How many posts? Diameter of posts?

Is there a removable post? 0 Yes 0 No

irregular/Damage (describe)

CASING INFORMATION
CASINGDIAMETERS: OUTER (SURFACE),INNER. AND OTHER-RECORD IN INCHES

Indicate diameter of casing. Descube type of casing (e.g. car bon steel. stainless steel. PVC. etc.)

Outer casing: Oa/u: PVs , Type (:: -a 5 z S _

Inner casing: 00/10: Type

Other casing: OD/ID: Type

Other casing: O/ID: Type

Describe condition of top edge of the highest duost casing:
Q Jagged 9 Uneven F fairly Level 0 Beveled

Other (describe)

Describe protective casing damage. if any (e.g.. hole in casing. bent. etc ). or check none: 0 None

Distance from: (check one)

o Ground Surf ace jt Cement Pad To top edge of highest most casing / / C -

SAMPLING EQUIPMENT INSTALLATION

Describe type of pump system:
0 Hydrostar. @ Submersible ( Bladder 0 None

Describe type of pump system support:

0 Hydrostar Plate 9 Well Seal PF J.Hook Q Steel Cable C PitlessAdapter

Describe type of pump system:
o 3/4 in. Stainless Steel l 1 112 in. ABS I in. PVC Q 1 1/2 in. galvanized

irregulartDamage (descri.be)

WELL SITE

Describe debris present at well site. if any. or check none: None

Describe well site irregularities (e.g., down in pit, locked building. etc.) or check none: WYNone

SURVEY INFORMATION

Describe survey mark location: ,*T -

P Top edge of highest most casing . $Frass Marker Both 0 None

Other(describe) .- 1'-ft

is stamp clearly visible? i Yes Q No

COMMENTS

,07't1 - 3.2o -50 -'
Pr-p - 2?o .SO

C2-130 A-6000.499R (03190)
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DOE/Rt91-32 - -
Draft B - - - - - - - - -- -

FIELD ACTIVITY RfEPORT -
BOREHOLE TELEVISION SURVEY Page i of -

Date WelNo. Location Report No.

/--9 9 - - - /- ' -//-/
Casing Size: Type: SetAt: Screened/Perf interval Construction Depth

Toup of Casing Elev (ft) Ground Surface Elev (ft)
Last Recorded Depth to Water: Date:

PURPOSE Start Time End Time
Determine condition and status of casing, screens and/or perforations as applicable.

Television System Used: 0 6. Personnel

CAMERA/CABLE DECONTAMINATED PRIOR TO USE; y4 0 O'arnWs 6 -Y

Date Jz ~ L By I/ L~tn)SA 4 Ac',/t14)

INSTRUCTIONS:
Measurements are to be recorded in feet and referenced to a common datum of ground surface.
Entries maybe YES. NO. NA -Not applicable. ND = Not determined or OTHER.
Explain entries of OTHER in COMMENTS Section.

1. GROUND SURFACE DATUM-Establish ground surface dat a in feet low top of casing. The camera counter (or display equivalent) is
setto zero. DATUM (ft below top of casing: . eD ' ' d .- ....

2. VADOSE ZONE CASING--Examme vadose zone casing for evidence of dama tcorrosion, scale or rust.

Casing parted/damaged .4L Comments
Corrosion/scaletrust X //f) Comments

3. SUBMERGED CASING-Examine submerged casing for evidence of damage, corrosion, scale or rust.

Casing parted/ddmaged . /..... Comments
Corrosion/scale/rust Comments

4. PERFORATIONS (if applicable)--Examine perforations for condition and interval.

Depth Top 'glA Depth Bottom Cuts/rd/ft

Condition, (clean/corroded, slots open, slots obscured. etc.)

5. SCREEN (if applicable)--Examine screen for condition and interval.
bepth Top A4.. Depth Bottom Type

Condition, (clean, corroded, slots open, slots obscured. etc.)

6. TO P OF WA TER-Determine depth of water and interface condition,

Depth 4/4'± Floating debris Surface appearance

Comments
7. WATER QUAUTY-Recordwater quality observed during survey.

Clear //9 Murky _ Dislodged Scale _ Suspended debris

Comments
B. HOLE BOTTOM--Examme borehole bottom as observed during survey.

Measureddepth 42. f... Appearance.(debris.silt.etc.) 4Pa-s iI .lt 4
Comment a /,A.

9. COMMENTS 7' / . -. n e.0 >. tt a A

Report By Reviewed By /i .

Title - ] Title - Date 0-2-49-1

Signature / Signature

Distribution: White -Group File Custodian Yellow- Group Files Pink - Project Coordinator Goldenrod - Team Leader BC.6000-419 (03?90)
C3-1

N
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DOE/RL-91-32
Draft B*. -

FIELD ACTIVITY REPORT -
BOREHOLE TELEVISION SURVEY Page I of L.

Date Well No. Location ReportNo.

ill- / :Z7-: \ / - A 1 / - 4-9 ~

Casing Size: Type: Set At: Screened/Pert Interval Construction Depth)
I,

Tp of Casm Eev (ft) Groucd Surface Elev (ft)
Last Recorded Depth to Water: Date:

PURPOSE Start Time End Time
Determine condition and status of casing, screens and/or perforations as applicable.

Television System Used: Personnel

CAMERA/CABLE DECONTAMINATED PRIOR TO USE: i. v ,--'

Date - - By /-//9 a l,, .Si 1 ,

INSTRUCTIONS:
Measurements are to be recorded in feet and referenced to a common datum of ground surface.
Entries maybe YES, NO, NA a Not applicable. ND = Not determined or OTHER.
Explain entries of OTHER in COMMENTS Section.

1. GROUND SURFACE DATUM--Establish ground surface datum i feet below topof casig. Thecaera counter. (or display equvalent) is
settozero. DATUM (ft below topof casing: , /,e ounAtr d,

2. VADOSE ZONE CASING--Examine vadose zone casing for evidence of damage, corrosion, scale or rust.

Cising parted/damaged 1..4Q comments

Corrosion/scale/rust Comments f/f't;. t A, 4

3. SUBMERGED CASING-Exarine submerged casing for evidence of damage, corrosion, scale or rust.

Casing parted/damaged A/A-. Comments
Corrosion/scale/rust Comments

4. PERFORATIONS (if applicable)--Examine perforations for condition and interval.

Depth Top A/ 4a Depth Bottom Cuts/rd/ft

Condition. (clean/corroded, slots open, slots obscured, etc.)

S. SCREEN (if applicable)--Examine screen for condition and interval.

Depth Top M .. Depth Bottom Type

Condition. (clean, corroded, slots open, slots obscured, etc.)

6. TOP OF WATER--Determine depth of water and interface condition.

Depth /jFloating debris Surface appearance

Comments

7. WATER QUALITY-Record water quality observed during survey,

Clear A_ Murky_ Dislodged Scale _Suspended debris

Comments

8. HOLE BOTTOM--Examine borehole bottom asobserved during survey.

Measur .. depth / L C Appearance. (debris, sift, etc.)

9. COMMENTS -r 4h . nA ,t- A n A.. P,y tJ 4. , .. At

Report By -l A Reviewed By A. -i. < r
Title Title /CA Date

Signature Signature

Distribution: White-GroupFileCustodian Yellow-GroupFiles Pink -ProjectCoordinator Goldenrod-Team Leader BC-6000 419(03/90)

C3-2



DOE/RL-91-32
Draft B

FIELD ACTIVITY REPORT -
BOREHOLE TELEVISION SURVEY Page I of

Date WellNo. Location Report No.
.- . ..1N /-' l .-

Casing Size: Type: Set At: Screened/Perf Interval Construction Depth

Last Recorded Depth to Water: Date: Top of Casing Elev Ut) Ground Surface Elev (ft)

PURPOSE Start Time End Time
Determine condition and status of casing, screens and/or perforations as applicable. 716 to ( -o

Television System Used: p , Persone

CAMERA/CABLE DECONTAMINATED PRIOR TO USE: i zr /s

Date 4s L. By 4/P ITrn t' &
INSTRUCTIONS:

Measurements are to be recorded in feet and referenced to a common datum of ground surface.
Entries may be YES. NO. NA = Not applicable, ND = Not determined or OTHER.
Explain entries of OTHER in COMMENTS Section.

1. GROUND SURFACE DATUM--Establish ground surface datu! in feet belo top of casing. The camera counter. (or display equivalent) is
set to zero. DATUM (ft below top of casing: '/ 

3
, 9 . cu.r (

2. VADOSE ZONE CASING-Examine vadose zone casing for evidence of damage. corrosion, scale or rust.

Casing parted/damaged /f) Comments

Corrosion/scaje/rust c.. . Comments n ... ,/ - rf b t. - Z4r
3. SUBMERGED CASING-Examine submerged casing for evidence of damage, corrosion, scale or rust.

Casing parted/damaged I/. Comments

Corrosion/scale/rust C o_ Comments

4. PERFORATIONS (If applicable)--Examine perforations for condition and interval.

Depth Top / /L Depth Bottom Cuts/rdlft

Condition, (clean/corroded, slots open, slots obscured, etc.)

S. SCREEN (if applicable)--Examine screen for condition and interval.

Depth Top A 4- Depth Bottom _ Type

Condition. (clean, corroded, slots open, slots obscured, etc.)

6. TOP OF WATER-Determine depth of water and interface condition.

Depth FFloating debris Surface appearance

Comments
7. WATER QUALITY-Record water quality observed during survey.

'Clear a Murky _Dislodged Scale _Suspended debris

Comments
8. HOLE BOTTOM--Examine borehole bottom asobserved during survey.

Measured depth t Le Y,45; Appearance. (debris, silt. etc.) TA-,., , At4 1: -. r4L o.-,ei -

Comment )-v ,..o / r, 4 .-- -rA. ,- )4 e L$ f 44 A
9. COMMENTS do'w4 ,

V, 6!.Z

.Report By 3 /C ,O ,4., Ip - Reviewed8y tt . ?syner Zz

Title Title FLei.., <4W Date .'4/

Signature Signature
-L- -' -v

BC-6000-419 (03190)

C.

N.

01

Distribution: White - Group File Custodian Yellow- Group Files Pink - Project Coordinator Goldenrod --Team Leader
C3-3



DOE/RL-91-32
Draft B

FIELD ACTIVITY REPORT -
BOREHOLE TELEVISION SURVEY Page I of _

Date Well No. Location Re ort No.
t ' 7 -, -U 7

Casing Size; Type: Set At: Screened/Perf Interval Construction Depth

Last Recorded Depth to Water: Date: Top of Casing Elev (it) Ground Surface Elev (ft)

PURPOSE Start Time End Time
Determine condition and status of casing, screens and/or perforations as applicable. /-?1

Television System Used: Personnel

CAMERA/CABLE DECONTAMINATED PRIOR TO USE: HC.T /zah

Date I 4t. By k1 /) Si. 56 o4
INSTRUCTIONS:

Measurements are to be recorded in feet and referenced to a common datum of ground surface.
Entries may be YES, NO, NA = Not applicable. ND = Not determined or OTHER.
Explain entries of OTHER in COMMENTS Section.

1. GROUND SURFACE DATUM--Establish ground surface datum in feet bwtop of casing. Thecamera unter. (or display equivalent) is
set to zero. DATUM (ft below top of casing: i., -

2. VADOSE ZONE CASING-Examine vadose zone casing forevidence of damage.corrosion.scale or rust.

Casing parted/damaged IV M Comments

Corrosion/scale/rust ..6P41 Comments 1- . /4 *A.

3. SUBMERGED CASING--Examine s merged casing for evidence of damage, corrosion, scale or rust.

Casing parted/ddmaged P ft Comments
Corrosion/scale/rust Cm_ Comments

4. PERFORATIONS (If apbi$a,)-Examane perforations for condition and interval.

Depth Top g.4& A// epth Bottom Cuts/rd/ft

Condition. (clean/corroded, slots open, slots obscured. etc.)

S. SCREEN (if amine screen for condition and interval.

Depth Top / / Depth Bottom Type

Condition, (clean, corroded, slots open, slots obscured, etc.)

6. TOP OF WATER--Determine depth of water and interface condition.

Depth Floating debris Surface appearance

Comments

7. WATER QUALITY-Record water quality observed during survey,

Clear /4 Murky _ Dislodged Scale _ Suspended debris

Comments

8. HOLE BOTTOM--Examme borehole bottom as observed during survey.

Measured depth /-/ Appearance,(debris. silt, etc.)/ .- r ,, e -- , ",'C Ar 9.;.
Comment pnin.s l/er' 0,/.Z-A 't.~ 4.

9. COMMENTS 29iq. 4Zn ;few a / - .'e n=c..w 7LA* fMn*p,-p oc-

ReportBy _1-1 /1, LS -7 / Reviewed By ,. 0r-

Title ,9 7, a- Title 0 0- 9 Date

Signature Signature

Distribution: White - Group File Custodian Yellow - Group Files Pink - Prolect Coordinator Goldenrod - Team Leader BC-6000. 419 (03/90)

-- C3-4
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APPENDIX C4

LITHOLOGIC AND WELL CONSTRUCTION DIAGRAMS
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Draft B

EXPLANATION

DOMINANT GRAIN-SIZE SCALE

Clay and Silt
Sand
Pebble Gravel
Cobble + Boulder
Basalt

Gravel

ADDITIONAL LITHOLOGIC SYMBOLS

Fw0 Bouldery

Basalt

Ashy

Carbonate-rich
(Caliche)

'I_

ct'

C4-1

C/Z
S
P
C/B
B

Clayey

Silty

Sandy

Gravely

Cobbly
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WELL 299-Wi 5-6

Depth
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0

I- 20
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, -- ----COMMENTS
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Diagram
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Lithologic
Diagram

Elev.
(above
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665.69-
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TOC 667.79
Comments
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8"casing
6"casing
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WELL 299-W15-9

Elev.
(above

msl)
660.58--

650-

600-
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D
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C/Z S P C/B

Comments

HANFORD fn ?
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RINGOLD fm ?

12'casing-i

8"casinj
6"casing
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WELL 269-W15-82

Lithologic
Diagram Comments

BACKFILL

-I

HANFORD fm

C/Z S P C/B
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Diagram
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Comments
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I I I I I
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DRILLER'S LOG

8"riser/
pipe

MD 1/25/91,106.30'-
TO 10/10/54,110.00'

?---?

II F
Depth

m
0

10--

20-=

30

?-? -- ?

Depth
m f
0--

0-=

20-

30

t0
0

20

40

60

80

100

TOC 660.09
I i

Depth
m Ft
-0

20

30-

0

20

40

60

80

100

Depth
Elev.

(above
msl)

668.35-
660-

650-

600-

m
0 -

10-

20-

30-

ft
n.

20

40

60

80

100

0
S

c+ 4

Ft
0

20

40

60

80

100

0s

-



911} WEL 7 7

WELL 299-W15-115

Comments

HANFORD fm

Lithologic
Diagram

BACKFILL
...,

- -' : / I

C/Z S P C/B

DRILLER'S LOG

8"riser o
pipe
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(above
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TD 10/12/54106.00
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WELL 299-W15-86
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Diagram
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C/Z S P C/B

Comments
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D fm MD 1/25/91,139.60 -

TO 8/14/57,144.00

TOC 660.00

- -- .

Depth
m

-0

10-=

20_=

30-

40

Ft
0

20

40

DRILLER'S LOG

? EARLY"PALOUSE"?

Depth
m
0

10-1

20-

30-

ft
0

20

40

60

80

100

C-,
Elev.

(above
msl)

656.94-
650-

600-

550

Ca

-mr
w0

--h,

co

60

80

100

120

140



9 '1:1

WELL 299-W15-95

TOC 660.00
Comments

HANFORD fm

?,-----?

Elev.
(above

msl)
657 -

600-

550-

8"RISER-1
PIPE

MD 1/25/91,99.30'
TO 1/21/59,199.00'

C

0

nfl
to

(4
r')

WELL 299-W15-101

Lithologic
Diagram

Not HANFORD
Documented

C/Z S P C/B

Comments
TOC 660.00

8"riser
pipe

TD,ND,50.00

fm

NOTE:
Top of casing 660.00',
ground surface ?.

11

Lithologic
Diagram

I I I I
C/Z S P C/B

Depth
m f
0--

0-='

20-

30--

o 0 0

0 0~ 0
o o

00

t0
0

20

40

60

80

100

Depth

C)

0.

0

20

30-

Ft
0

20

40

60

80

100

Elev.
(above

msl)

I
Depth

m ft
0

20

40

Depth
m

1t

Ft
0

20

40



9 1 1 i2

WELL 299-W18-6

Elev.
(above

msl)
676.91-

650-

600-

550-

C-)

500-

450~

400

Depth
m Ft
0-- 0-

20
10-

40

20- 60

80

30- 100

120
40-_-

140

50 - 160

180

60-= 200

220
70--

240

80 260

280
90 300

Lithologic
Diagram

no 00 0

o 00

...

0 *0

-0 - 0- ~

C/Z S P C/B

Comments

HANFORD fm ?
EARLY "PALOUSE"?
PLIO-PLEISTOCENE ?
RINGOLD fm ?

8Scasing
6 casing

MD 1/28/91,201.00'-

TD 1/15/64300.00'

7 1 9

TOC 678.47
*0

H

=FILL-

m
-- 0-

10-

20-

30-

40-

50-

60-

70-

80-

90-

Depth
Ft

-0

- 20

-40

60

80

100

120

140

160

180

200

220

240

260

280

300

0

0
-I,

0

>



d ii I

Elev.
(above Depth

msl)
676.49-

650~

600-

550~

500-

450-

400

CD

m
0-

10-

20-

30-

40-

50-

60 -L--

70-

80-

90-

WELL 299-Wi8-7

ft
0-

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

Lithologic
Diagram

...
.'.

brown

.

00 9Vt:- . -

'4.-'::

3..,.

," ..

.-

., - Ct' r 1

C/Z S P C/B

Comments

HANFORD fm ?

EARLY "PALOUSE"?

PLIO-PLEISTOCENE ?

RINGOLD fm ?

Screen

MD 1/28/91,203.30'-

TD 1/13/64,300.00-

TOC 678.99 Depth
m Ft

8"casing
6"casing

0-r

FILL

- -u 0
- 20

- 40

- 60

- 80

- 10

- 12

14

- 16

- 18

- 20

- 22

- 244

26

28

- 30

10-

20-

30-

40-

50-

60-

70-

50-

90-

0

0

0

0

0

0

0

0

0

0

2

r;0



91| 1 . 2 3 79 I

Elev.
(above

msl)
679.56-

650-

600-

550-

5004 

WELL 299-W18-9
Depth

m ft
0--- 0

Comments

coarse

HANFORD fm ?

Lithologic
Diagram

0 0

.0

0 /
-
0 

9

0 i 1

C/. .PC/B

6"riser
pipe

Screen

1/31/91
Z7 210.70'

20

40

60

80

100

120

140

160

180

200

220 91,217.60' ' r

3/68,22. 0'
Wood plug _

TOC 682.4
I. .

Depth

m
-0-

10-

20-

30-

40-

50-

60-

EARLY "PALOUSE"?
PLIO-PLEISTOCENE ?
RINGOLD fm ?

10-

20-

30-

40-

50-

60-

MD 1/31/
TO 12/1

Ft
0

20

40

60

80

100

120

140

- 160

180

- 200

a
0
-I,

0

a

to

220
I



.4 ., I
4,

Elev.
(above

msl)
679.51-

650-

600

550-

500-

450

2

4

5

6

Depth
m ft
0-- 0

20

40

0-- 60

80

;0-- 10

* - 12
0--

14

--- 16

18

0- 20

1 22

0

0

0

0

0

0

0

Lithologic
Diagram

WELL 299-Wi-10

Comments

HANFORD fm

0 0

-.- 4- -.

EARLY'PALOUSE"?

-- PLIO-PLEISTOCENE

RINGOLD fm

TD 1/11/68,220.00' 1

I I I I
C/Z S P C/B

DRILLER'S LOG

0

.4 .~, 4.

DepthTOC 682.63

7 F m
-0-

10-

20-

30-

40-

50-

60-

Ft
0

20

40

60

80

100

120

140

-160

180

200

220

6"riserZ "
pipe

rI

go
h1

co



9 1 : 3 7 93

WELL 299-Wl-11
Depth

m ft
0-- 0

Comments

HANFORD frr

Elev.
(above

msl)
679.66-

650-

600-

550-

500

Lithologic
Diagram

00

o a* *

o 0

o :0

- - h...

0 *0

C/Z S P C/B

DRILLER'S LOG

C-

EARLY "PALOUSE"?

?- - PLIO-PLEISTOCENE ?

RINGOLD fm ?
own

20

40

60

80

100

120

140

160

180

200

220

TOC 683.00

10-

20-

30-

40-

50-

60-

D

MD 1/29/91.188.60

TD STET,220.00'
Screen

epth
Ft
0

20

40

60

80

100

120

140

6"riser
pipe

0-

10-

20-

30-

40-

50-

60-

160

180

200

220

CD
0

-s M

wo
-Mi



Elev.
(above Deptht

Msl) m
680.52- 0-

650- 10-

20-
600-

30-

550- 40-

- 50-

500

60-

C)

WELL 299-W1B-12

ft
-0-

20

40

60

80

100

120

140

160

180

200

220

TOC 683.00Lithologic
Diagram Comments

Not
Documented

6"riser
pipe

C/Z S P C/B

DRILLER'S LOG

m
l - 0-

Screen I

MD 1/31/91, 212.60'< 1 1
TO 1969, 220.00'

FILL

Depth
Ft
0

20

40

60

80

100

120

140

10-

20-

30-

40-

50-

60-

160

180

200

220

0
Mr

k0

U,



)7 9

WELL 299-Wi 8-24

Depth
m ft
0-r- 0

Comments

Elev.
(above

ms])
682.15=

650-

600-

550-

500-

450

Lithologic
Diagram

0070

o ~

C/Z S P C/B

GEOLOGIST'S LOG

C,

-a
C),

9 1 1 . 11

HANFORD fm ?

EARLY"PALOUSE"?

PLIO-PLEISTOCENE ?

RINGOLD fm ?

TOC 684.35'

4" riser
pipe

Screen

2/8/91
77214.10

Telescoping screen
MD 2/8/91,238.20'-M

TD 8/10/87 240.00'

10-

20-

30-

40-

50-

60-

70-

Depth
M Ft
0-r- 0

20

40

60

80

100

120

140

160

180

200

220

240

10-

20-

30-

40-

50-

60-

70-

20

40

60

80

100

120

140

160

180

200

220

240

C
0

On,
9 N.
0
-hi-
r*n
03,.-'

(A)

I~3



1 I

Elev.
(above

msl)
ND-,

I I I I I

C/Z S P C/B
DRILLER'S LOG

Lithologic
Diagram

Not
Documented

I I I i -
C/Z S P C/B

DRILLER'S LOG

Lithologic
Diagram

Not
Documented

C/Z S P C/B

DRILLER'S LOG

WELL 299-Wi B-65
TOC 676.94'Comments

Backfill

HANFORD fm

epth
ft

D
m
0-

10-

20-

30-

40-

Lithologic
Diagram

- -

.*kg

Depth
Ft

- - 0

~-20

-40

m
0

10

20-

30-

40-

WELL 299-W18-67

Comments
TOC 668.00' Depth

M Ft

8" riser 20
pipe 0 0

TO 9/49 47.00' 40

WELL 299-W18-68

Comments
TOC 668.00' Depth

m Ft
0

8"riser 20
pipe -- 20

TO 9/49 46.00'

8 casing

4"casing

TD 4/49 150.00

0-

20

40

60

80

100

120

140

I,

-

-

-

-
-
-

-

--

C-,
Elev.

(above
msl)

ND-

60

50

100

120

140

Depth
m ft
0- 0 -

20

40

Depth
m ft
0 - _ 0 -

I 20

40

Elev.
(above

ms)
ND]

CD

rF,.

'C

C+
to3

J j t~ 0

EARLY"PALOUSE"
PLIO-PLEISTOCENE
RINGOLD



911 tC$ 2 , I 7 9 7

WELL 299-W18-76
Litholog[c
Diagram Comments

HANFORD fm

Depth
m ft

S0

-- 20

TOCt 669QO,
Depth

m Ft
-- 7 0 0

6" riser pipe-
TO 3/28/67 19.50' 20

WELL 299-W18-77

Comments

HANFORD fm

Depth
TOC 669.00 m Fl o0 Ft

6"riser pipe ,I 20TO 3/30/67 25.00 -

WELL 299-W13-78
Lithologic
Diagram

TOC 669.00'
Comments

HANFORD fm

I I I I 
C/Z S P C/B

DRILLER'S LOG

Depth
m Ft

6"riser pipe -4j1 O 0
MD 2/1/.91,14.O O' . 20
TO 3/30/67 17.00' J

WELL 299-W18-79
Lithologic
Diagram

ffi

Comments

HANFORD fm

S I I I
C/Z S P C/B

DRILLER'S LOG

TOC 669.00' Depth
m Ft

6" riser pipe er 2
TD 3/30/67 23.00' 20

Elev.
(above

msl)
668.16'

650-

Elev.
(above

msl)
668.63'j

650

S I I
C/Z S P C/B

DRILLER'S LOG

Lithologic
Diagram

C/Z S P C/B

DRILLER'S LOG

Depth
m ft
0 0

20

C,

Elev.
(above

msl)
668.48'

6501

Depth
m ft

20

Elev.
(above

msl)
668.76'

650]

0
0Orn~

0
-hi-

to

(.0
I~3

Depth
m ft

0 
0 20

,I

III



WELL 299-W1f-O
Comments

Lithologic
Diagram

HANFORD fm

C/Z S P C/B
DRILLER'S LOG

TOC 669.00'
Depth

m Ft
-------- F - ] - 0- - 0

6"riser pipe
TD 3/31/67 21.50' 20

40

WELL 299-W18-81

Comments

HANFORD fm

TOC 669.00' Depth
m Ft

0- - 0
6"riser pipe 20

MD 2/1/91,37.7010- 40
TD 4/3/67 41.00'

C/Z S P C/B
DRILLER'S LOG

Lithologic
Diagram

WELL 299W1-82

Comments

6" riser pipe--

Not
Documented

TO ND 146.00'
MD 1/31/91,148.30'

TOC 680.00' Dept
m

I1 Ir a-O

10-

20-

30-

40-

Cr

Ft
0

20

40

60

80

100

120

140

C/Z S P C/B
DRILLER'S LOG

Elev.
(above

msl)
668.62-1

650-

Depth
m ft
0- 0

- 20

-- 40

Elev.
(above

msl)
665.80'-

650

Lithologic
Diagram

Depth
m ft

0 0
- 20

102 40

0

Depth
m ft
O-- 0

Elev.
(above

msl)
677.58'

650-

600~

550~

10-

20-

30-

40-

20

40

60

80

100

120

140



' 7 9 9

Deptht WELL 299-W18-85

Comments

6"riser pipe

Elev.
(above

msl)
676.83'--

650-

600-

550]

m
0-

10-

20-

30-

40-

ft
0 -

20

40

60

80

100

120

140

Lithologic
Diagram

Not
Documented

I I I
C/Z S P C/B

DRILLER'S LOG

Lithologic
Diagram

o 0

brown
I I I I i

C/Z S P C/
DRILLER'S LOG

6"riser pipe

MD 1/28/91,149.10'-
TD 8/21/69,150.00'

EARLY'PALOUSE"

TOC 679.74'

TOC 683.49'

9 11 '4

HANFORD fm

EARLY"PALOUSE"?

PLIO-PLEISTOCENE
MD 1/28/91,150.00'
TD 8/5/69,150.00' -

WELL 299-W18-86
Comments

HANFORD fm

Depth
m Ft
0r 0

C,a
-A
~0

20

40

60

80

100

120

140

Elev.
(above

msl)
636.49'-

600-

550]

500

Depth
m ft
0-- 0-

-- 20

40

20-- 60

80

30 100

120
401 10

-140

10-

20-

30-

40-

Depth

-0-

10-

20-

30-

40-

03

C
M

Ft
-0

- 20

-40

- 60

- 80

- 100

120

- 140

84-19

' -1



4

Depth
m ft
0- 0_

S

WELL 299-Wi 8-87 TOC 667.23'
Comments

6" riser pipe

Elev.
(above

msl)
674.86'

650-

600-

550-

Lithologic
Diagram

-

- - brown
Caliche

C/Z S P C/B
DRILLER'S LOG

Mo
TO

1/28/91,149.201
10/5/69,150.00'

WELL 299-W18-88
Lithologic
Diagram Comments

HANFORD fm

0 0

-- ?EARLY"PALOUSE"?
-Caliche PLIO-PLEISTOCENE

___________RINGOLD fm
I I I

C/Z S p C/B
DRILLER'S LOG

TOC 679.76'

m

6"riser pipe

MD 1/28/91,146.70'
TD 9/19/69,150.00'

EARLY'PALOUSE"

PLIO-PLEISTOCENE

0
0-

HANFORD fm20-

30-

40-

40

60

so

100

120

140

Depth

C

m
-0-

10-

20_

30-

40-

Ft
0

20

40

60

80

100

120

140

Depth
m ft
0-r- 0

Elev.
(above

ms)
677.01'-

650-

600-

550-

10-

20-

30-

40-

20

40

60

80

100

120

140

In

Depth
Ft
0

20

40

m
0-

20-

30-

40-

60

80

100

120

140



9 I I 2 <2

Elev.
(above

msl)
678.50

650-

600-

550]

WELL 299-Wi8-89
TOC 681.32'

Comments

HANFORD fm

Lithologic
Diagram

C/Z S P C/B
DRILLER'S LOG

6"riser pipe

MD 1/28/91,141.70'-
TD 10/21/69,150.00'

Lithologic
Diagram

,0

0 0

0 0

00 0 * c"

C/Z S P C/B
DRILLER'S LOG

WELL 299-Wi 8-93
TOC 665.00'

Comments

6"riser pipe
HANFORD fm

?,A

EARLY"PALOUSE"? + PLIO-PLEISTOCENE ? MD 1/31/91,139.70'-
TD 2/8/72,140.00,

Depth
m ft

1 0 1

0-

10-

20-

30-

40- EARLY"PALOUSE"?
PLIO-PLEISTOCENE ?

0

20

40

60

80

100

120

140

Depth

C,

m
-0-

10-

20-

30-

40-

Ft
0

20

40

60

80

100

120

140

Depth
ft
0

t 20

40

60

80

m0
0

Elev.
(above

ms])
662.00'=

650-

600-

550

20

30-

40-

100

120

140

Depth
m
0-

10-

20-

30-

40-

0
Jor"

0

0

0

Ft
-0

- 20

- 40

- 60

80

10

- 12

~ 14



Elev.
(above
msl

661.77'
650-

600-

WELL 299-W18-94
TOC 665.00'

Comments

HANFORD fm

? EARLY"PALOUSE"?

6"riser pipe/

TO 2/10/ 7 2 ,80. OJI
MD 1/31/91,84.40

10-

20--

Depth
ft

0
---20

40

60

80

m
0

20

Lithologic
Diagram

DRILLER'S LOG

Lithologic
D ag am

C/Z S P C/B

DRILLER'S LOG

Lithologic

Diagram

m

C/Z S P C/B

DRILLER'S LOG

HANFORD fm 6"riser pipe

MD 1/ 3 1/ 9 1, 7 8.1ij-
TD 2/15/72,80.00'

WELL 299-Wi 8-96

Comments

HANFORD fm

TOC 665.00'

6"riser pipe-"

MD 1/31/91,78.20'1
TO 2/18/72,80.00'

Depth
M Ft

0

20

40

60

so

Depth
m Ft

20-=

Depth
M Ft

-- 0-_- 0

20
10-4

20_-= 60

80

WELL 299-W18-95
TOC 665.00'

Comments

Elev.
(above

msl)
661.88'=

650-

600-

C,

"a

Depth
m ft
0-- 0

120

40

20-- 60

80

Depth
m ft
0-- 0

120

40

20 60
80

Elev.
(above

msl)
662.02'=

650

600-

0

20

4-0

60

80

cl~

MA

4 4.



9 |1

WELL 299-W18-97
Lithologic
Diagram m

0--

20-
1--7

20- -

Comments

Elev.
(above

msl)662.00=
650-

600-

Lithologic
Diagram

C/Z S P C/B

DRILLER'S LOG

6 riser pipe- 
-'

MD 1/31/91,83.20-
TD 2/24/91,85.00'

Ft
0

20

40

60

80

WELL 299-W18-98

Comments

HANFORD fm 6"riser pipe

MD 1/31/91,76.30'-
TD 2/29/72,80.00'

OC 665.00' Depth
m Ft

-=
-- 20

40

20-= , 60
S80

0

-Not Documented
00 0

00000.* HANFORD fm

C/Z S P C/B
DRILLER'S LOG

Depth
m ft
0-- 0

20
10---

40

20- 60

80

Depth
m
0--

20_=

C)

Elev.
(above

msl)
662.03'=

650-

600~

ft
0

20

40

60

80

CD

C '

TOC 665.00' Depth

T



4 - ..

Depth
m ft
0-- 0

Elev.
(above

msl)
662.13'=

650-

600-

550

20

40

60

80

100

120

140

Depth
m ft
0-- 0-

20

40

20- 60

80

30 100

Lithologic
Diagram

o o

0 ,0

-0

0. .:.IS

S I I I
C/Z S P C/B

DRILLER'S LOG

WELL 299-W18-99

Comments

3riser pipe I

HANFORD fm

?--?--?
EARLY"PALOUSE"

TOC 665.00.

MD 1/31/91,131.40'-
TD 3/8/72,135.00'

WELL 299-W18-149
Lithologic
Diagram Comments

No Recovery

Not Documented

HANFORD fm

Not Documented

TOC 672.56'

MD 2/1/91,24.70'j

6"riser pipe

TD 4/12/74,92.00'

C/Z S P C/B

DRILLER/GEOLOGIST
LOG W/NOTES

10-

20-

30-

40-

Depth
m
0-

C-.)

4,

Ft
0

20

40

60

s0

100

120

140

10-

20-

30-

40-

Elv.
(above

msl)
670.56'-

650-

600_

-I

Depth
to

Ft
0

m
0--

20--

30

20

40

60

80

100



i ? Q5

Lithologic
Diagram

,.-j

WELL 299-W18-150
TOC 671.81'

Comments

Backfill

HANFORD fm

10"casing

8"casing

6"riser pipe

Elev.
(above

msl)
668.85

650-

600-

550- ? ?1
EARLY"PALOUSE"?

C/Z S P C/B

DRILLER'S LOG

Lithologic
Diagram

HAN
Not

..._ Documented

S9-

C/Z S P C/B
GEOLOGIST/DRILLER
LOG

WELL 299-Wi8-158
Comments

NFORD fm

TOC 672.61'

8 casing
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OBJECTIVE OF LOGGING ACTIVITY

The objective of geophysical logging with the high resolution passive
spectral gamma ray detector in borehole number 299-W18-171 was to identify
depth intervals with potential plutonium contamination. This will allow
the contaminated intervals to be excluded from perforating activities in
which carbon tetrachloride vapors will be extracted.

HISTORICAL DATA

Two sources of borehole-specific historical data were identified prior to
initiating logging activities. Representative samples of both sources are

- included in this report for completeness and comparison. The gross
gamma-ray geophysical borehole logs for the four prospective boreholes to
be perforated were examined prior to selecting the well which would
primarily be used for vapor extraction. The gross-gamma logs for the
boreholes are reproduced in Figures 1 through 4. The borehole numbers are:

299-W18-87
299-W18-150
299-W18-164
299-W18-171.

Results of laboratory analysis from several drill cutting samples were
reported in document RHO-ST-17, "Distribution of Plutonium and Americium
beneath the 216-Z-IA Crib, Status Report," February 1979. The sample
analysis data for plutonium and americium from drill cuttings for three of
the four selected boreholes are reproduced in Figures 5 through 7. The
borehole not included is 299-W18-87, which existed prior to the publication
of the study.
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CONFIGURATION OF LOGGING INSTRUMENTATION

The spectral borehole logging equipment is undergoing development that will
continue for several more months. This report is an interim action to
document field data acquisition activities and summarize findings. Final
quantification of radionuclide concentrations can be reported at a later
date after more studies of the equipment and analysis techniques are
complete.

The Radionuclide Logging System (RLS) high purity germanium logging system
was first calibrated in November 1990 at the DOE calibration center in
Grand Junction, Colorado. The equipment appeared stable prior to the
calibration trip. However, its operation during the calibration studies
was compromised by elevated noise from electrical ground loops between
three system components. The ground loops appeared after repeated
vibrations due to highway travel. The equipment was repaired upon return
from the calibration trip. Measurement during repairs indicated that the
calibration, although compromised, could still be considered valid. Since
December 20, 1990 the equipment has been very stable. The equipment
performance and stability will be reported in an internal memorandum when
scheduling permits.

Configuration of the equipment hardware, computer software, and
interpretation technique is subject to change as additional calibrations,
geophysical studies, and other types of borehole measurements are completed
and implemented. The current equipment configuration, although not mature,
is adequate to satisfy the stated objective of this logging activity. The
equipment configuration at the time of this logging activity is identified
as VERSION A.0. The equipment configuration used for this borehole logging
activity is identical to the configuration used for the November 1990
calibration trip to DOE Grand Junction, Colorado. The equipment
configuration will be reported in an internal memorandum, when scheduling
permits.

ACQUISITION STANDARDS

In situ borehole measurements were acquired in accordance with procedure
WHC-CM-7-7 Environmental Investigation and Site Characterization Manual,
Section EII 11.1 Geophysical Logging, Appendix B: Spectral Gamma-ray
Logging, Rev 1, March 5, 1991. Relevant supportive details about the field
activities are included in this report for historical purposes and to
confirm the quality of recorded data.
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A portable field reference source serves to check equipment efficiency,
repeatability, resolution, and voltage gain of signal pulses. The logging
procedure indicates that a field reference source must be used and how the
measurement must be taken. The source is not specifically identified in
the procedure, but is described as Follows.

Field reference source identification: 79B40
Radionuclides in source: Ba-133, Cs-137, Co-60, Ra-226, Th-232
Photo-peaks used for two-point energy calibration in Maestro II:

661.6 keV of Cs-137 and 1332.5 keV of Co-60

The field reference source spectrum is recorded with the tool suspended
above the ground with the truck stationary. Immediately following this
measurement a second measurement must also be recorded with the source
removed, this permits the ambient, or background, gamma-ray signature
present from local sources to be quantified. The background response is
subtracted from the previous measurement of combined field reference source
and background.. The difference yields the net contribution from the
reference source. The tool responses to the field reference before and
after the borehole logging are compared to the tool responses that were
observed when the equipment was calibrated.

The field reference source becomes the connecting link which permits the
calibration coefficients to be applied for computing the radionuclide
concentrations. Nuclide concentrations in the subsurface can be computed
for gamma energies within the November 1990 DOE Grand Junction, Colorado
calibration limits of 350 keV to 2615 keV. The energy range for which the
calibration measurements and calibrated detector efficiency are valid
cannot be extended below 350 keV until additional studies are completed.
The lower gamma-ray energy limit of 350 keV is imposed by at least three
nonlinear and nontrivial phenomena.

1. The calibration for man-made gamma-ray emitters depends on the
determination of an efficiency function which relates a measured count
rate in a gamma-ray peak to the corresponding gamma-ray intensity in
the surrounding medium. Using calibration data for three gamma rays
from the uranium decay chain, three gamma rays from the thorium decay
chain, and the potassium-40 gamma ray, seven values for the efficiency
function have been determined over a gamma-ray energy range from 351
keV to 2615 keV. For gamma-ray energies of about 350 keV and higher,
increases in gamma-ray energy are accompanied by a log-linear decrease
in the efficiency function because the detector efficiency is
dominated by Compton scattering. Because the efficiency function is
well behaved above 350 keV, calibration factors for man-made
radionuclides can be found by interpolation. However, as the gamma-
ray energy
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decreases below about 350 keV, the role of photoelectric absorption in
the detector efficiency becomes more and more pronounced. The
November 1990 calibration measurements were not designed to map the
complex changes in detector efficiency that occur below 350 keV.

2. Gamma-ray attenuation from borehole materials, such as casing, changes
rapidly with gamma-ray energy at energies below 350 keV.

3. The presence of high-atomic-number atoms, such as americium-241 (Z =
95), in the formation selectively reduces the low-energy gamma-ray
fluxes. If the high-Z elements exist in low concentrations, the
nonlinear flux reduction is confined to energies below about 300 keV,
but the nonlinear region approaches 1000 keV as the concentrations of
high-Z elements increase toward levels that, although high, can still
occur naturally. Some features of this so-called "Z-effect" were
characterized by work for the DOE's National Uranium Resource
Evaluation project.

Computer interface with a depth encoder is required to control the detector
position within the borehole. A problem has been identified in the depth
measuring system and a solution is being investigated. The problem is that
the logging cable diameter is not constant and infrequently exceeds the
groove diameter machined into the depth encoding sheave wheel. This causes
the cable to ride above the engineered position on the sheave wheel and
permits the radius to the wheel center to increase.

During the logging runs, the encoder conversion factor was 793.0 pulses per
foot.

SPECIFICATIONS

Data acquisition required three days of logging. Many daily log
specifications were common to the entire logging period while others were
unique for each day. The specifications common to all three acquisition
sessions are given below.

Detector
EG&G Ortec HPGe Pop-Top, 18%

Logging mode
move-stop-acquire

Depth inctement between measurements
0.5 feet

Depth reference
ground level = 0.0 feet

Count time per depth increment
180 sec (live time)
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Tool movement
detector moving down hole, except last day when changed due to
time restrictions

File control
spectra for each depth increment recorded under computer control,
spectral files transferred to non-erasable optical disk (WORM)
upon completion of daily logging activities

File format
EG&G Ortec PHA integer data files (.CHN) recorded in IBM-PC DOS
compatible format, filename prefixes limited to 8 characters with
last 3 positions reserved for sequence number

Spectra format
gamma-ray energy spectra subdivided into 4000 MCA channels,
gamma-ray spectra recorded over energy range of about 50 to 2850
keV

Logging specifications unique to each day of field acquisition are given
below. Possibly some entries may not be immediately obvious; their
explanations follow.

0 The filename prefix is the first four characters for all saved spectra
files. The fifth character indicates which detector, either number 1
for HPGe or number 2 for NaI was used.

u The file sequence number and data acquisition point represent a
one-to-one correlation. Only the start and stop depth and file
sequence number are presented below.

u The difference between encoder depth and tool position is measured
when the tool is returned to the zero depth, generally at the end of
the daily logging activities.

File
Date Depth Feet seq. no.

6FEB91 - - - - - - Filename prefix = A022
Start 0.0 000
Stop 2.5 005

- - - - - - attempt to activate printer, skipped 2
numbers

Start 3.0 008
Stop 47.0 096

- - - - - - depth error
tool 0.9 in. high at return to ref. depth
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Start
Stop

Start
Stop

Start
Stop

45.0
92.5

90.0
99.0

124.0
115.5

001
096

000
018

019
036

filename prefix = A023

depth error
tool 3.5 in. low at return to ref. depth

filename prefix = E334

time constraints prevented continuous log

- - - - depth error
tool 14. in. high at return to ref. depth

DATA ANALYSIS

Data analysis algorithms for high-resolution gamma-ray spectra are not
complete at the time of this report. The borehole data have been preserved
and can be reevaluated when the algorithms are implemented. At this time
the analysis will be limited to reporting the potassium concentrations with
two-sigma uncertainty (95% confidence interval) and the total gamma profile
with two-sigma uncertainty. The tabular and plotted results are presented
in table 1 and Figure 8 below, respectively.

The only depth interval where man-made gamma-ray emitters were encountered
was from 83.0 to 84.0 feet. The man-made elements were americium and
plutonium. The spectral plots for these three depth intervals and the
adjacent interval containing only natural radionuclides are presented in
Figures 9 through 13. An expanded spectral plot of the 84.0-foot depth is
shown in Figure 14. Note that the vertical scale of this plot is linear
instead of logarithmic to demonstrate the net counting activity in the
individual peaks.

Analyses of the spectral gamma-ray log data accounted for the following
borehole parameters:

Hole diameter
Casing thickness
Water depth
Grout

8-inch ID
0.31 inch
not applicable, hole air filled
assumed no grout between casing
and formation
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The potassium concentrations and concentration uncertainties were
calculated by the following steps.

1. In each spectrum the peak corresponding to the 1460.75-keV gamma ray
was identified. For each peak, the number of gamma-ray counts and the
counting uncertainty was calculated. These calculations were
performed by the EG&G Ortec MAESTRO II spectrum analysis program.

Explanation of the term "peak" may be warranted. When a gamma ray
enters the germanium crystal, the detector system generates a voltage
pulse with amplitude proportional to the energy absorbed by the
crystal. A count is then tallied in one of 4000 channels in a
multichannel analyzer (MCA); the number of the channel that receives
the count is proportional to the amplitude of the voltage pulse.
Since the amplitude of the voltage pulse is proportional to the
absorbed gamma-ray energy, the MCA channel number is also proportional
to the absorbed energy.

After many pulses are processed, a graph of counts in a channel versus
channel number is a histogram as depicted in Figure 9. (The
horizontal axis in Figure 9 has been converted from channel number to
energy.) At energies near 1460 keV there is a group of channels that
all contain numbers of counts that are significantly higher than
background. This feature is a peak. It is, in fact, a measure of the
number of 1460.75-keV gamma rays from potassium-40 that deposited
their energies in the germanium crystal.

MAESTRO II calculates the net count in a peak-by adding the counts in
all the MCA channels that span the peak, then subtracting the
background. <Background is determined from an average of the counts in
several MCA channels that lie on either side of the group of channels
that contains the peak.

2. The number of counts in each peak was divided by the counting time
(system live time) in seconds. This yielded a count rate, or peak
area, for each peak. The counting uncertainty for each peak was also
divided by the counting time, producing a count rate uncertainty.
MAESTRO II performed these calculations.

3. Each count rate and count rate uncertainty was multiplied by 1.61.
This corrected the count rates and count rate uncertainties for
attenuation by the 0.31-inch steel casing.
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4. The potassium concentration and concentration uncertainty, both in
picocuries per gram (pCi/g), were found using the following
relationships:

a K = A*P + B,

K is the concentration of K-40 in pCi/g,
P is the casing-corrected net count rate
gamma-ray peak,
A = 11.03 ± 0.46, and
B = -2.38 ± 1.24;

of the 1460.75-keV

a UncK = SQRT (0.215*P**2 + 121.661*UncP**2 + 1.538),

where UncK is the uncertainty in K, and
UncP is the uncertainty in P.

CONCLUSIONS

High resolution spectral gamma-ray borehole logging of well 299-W18-171 was
conducted on three days in February 1991. The data acquisition time was
180 seconds for each 0.5 foot increment. The logging depth interval was
0.0 to 124.0 feet. The depth interval of 83.0 to 84.0 is the only location
where man-made radionuclides were encountered. The man-made radionuclides
were americium and plutonium. This information was verbally transmitted to
the Technical Leader for the purpose of excluding the contaminated zone
from well perforation activities. The concentrations of potassium-40, a
natural radionuclide, were calculated and are presented in tabular and
graphic form in this report. The concentrations of the other natural
radionuclides, uranium and thorium, are not presented.

Equipment development is in progress and the additional capabilities will
be forthcoming.

. R. Brodeur
Engineer

C. . KoSzumi
Scientist

R. K. Price
Scientist
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WELL 299-W18-1 50-

ELEVATION (METERS ABOVE MSL): 204.8

239.240 PU

U
DRILL LOG
Backlill: gravel. sand

-Coarse sand, gravel

Coarse sandr black

Coarse sand. soarse gravel

Fine sand, black
Medium sand: light brown
Fine-medium sand with silt:
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Sand, gravel
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Fine-coarse sand

Fine-coarse sand. some
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Fine-medium sand
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ELEVATION (METERS ABOVE MSL): 206.7

239.240

LIT
DRILL LOG

Coarse-line sand. silt. sparse
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Coarse sand. CCI 4 odor
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ELEVATION (METERS ABOVE MSL): 206.5
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DRILL LOG
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Table 1. Potassium concentration and gross gamma activity
Well 299-W18-171 February 1991

Depth Gross Uncer K-40 Uncer
feet cps 2-sigma pCi/g 2-sigma
0.0 56.2 1.12 .64 3.16
0.5 69.2 1.24 9.53 3.48
1.0 75.3 1.29 10.85 3.59
1.5 78.6 1.32 9.56 3.48
2.0 78.2 1.32 7.68 3.33
2.5 76.5 1.30 8.21 3.37
3.0 73.4 1.28 7.29 3.30
3.5 73.9 1.28 7.48 3.30
4.0 71.1 1.26 8.27 3.38
4.5 68.9 1.24 8.69 3.39
5.0 65.4 1.21 4.74 3.08
5.5 60.9 1.16 3.83 3.01
6.0 60.6 1.16 4.45 3.04
6.5 64.6 1.20 5.04 3.11
7.0 65.0 1.20 5.74 3.17
7.5 65.9 1.21 5.46 3.13
8.0 65.8 1.21 5.54 3.14
8.5 65.1 1.20 5.54 3.14
9.0 65.3 1.20 4.13 3.04
9.5 64.0 1.19 7.94 3.34
10.0 64.6 1.20 6.69 3.24
10.5 62.7 1.18 5.93 3.17
11.0 63.4 1.19 6.22 3.20
11.5 65.1 1.20 4.97 3.10
12.0 63.1 1.18 6.79 3.23
12.5 63.3 1.19 4.57 3.08
13.0 63.5 1.19 7.16 3.25
13.5 63.6 1.19 5.31 3.13
14.0 62.1 1.17 6.13 3.20
14.5 60.9 1.16 5.27 3.13
15.0 60.5 1.16 4.28 3.03
15.5 59.5 1.15 4.19 3.04
16.0 59.7 1.15 2.77 2.93
16.5 61.9 1.17 6.18 3.20
17.0 65.9 1.21 7.15 3.25
17.5 67.5 1.22 8.60 3.40

' 18.0 68.9 1.24 7.88 3.34
18.5 71.0 1.26 10.26 3.51
19.0 70.0 1.25 10.99 3.59
19.5 71.2 1.26 10.00 3.51
20.0 70.4 1.25 10.03 3.51
20.5 70.7 1.25 8.54 3.40
21.0 71.2 1.26 8.67 3.40
21.5 70.6 1.25 9.91 3.50
22.0 72.0 1.26 11.37 3.60
22.5 73.0 1.27 10.57 3.55
23.0 70.3 1.25 11.13 3.60
23.5 70.1 1.25 11.59 3.64
24.0 71.4 1.26 9.57 3.49
24.5 72.1 1.27 9.81 3.49
25.0 77.5 1.31 12.04 3.67
25.5 86.7 1.39 12.44 3.71
26.0 94.2 1.45 12.80 3.73
26.5 100.1 1.49 12.96 3.74
27.0 100.5 1.49 14.73 3.91
27.5 102.2 1.51 12.83 3.74
28.0 102.3 1.51 12.83 3.73

Depth Gross Uncer K-40 Uncer
feet cps 2-sigma pCi/g 2-sigma
28.5 102.1 1.51 13.20 3.77
29.0 101.3 1.50 13.61 3.82
29.5 101.4 1.50 14.05 3.83
30.0 97.9 1.47 11.50 3.64
30.5 96.8 1.47 13.49 3.80
31.0 95.7 1.46 14.79 3.90
31.5 95.8 1.46 16.98 4.10
32.0 97.2 1.47 14.78 3.89
32.5 94.9 1.45 12.86 3.75
33.0 94.2 1.45 14.47 3.89
33.5 91.9 1.43 13.30 3.77
34.0 90.4 1.42 10.00 3.54
34.5 86.7 1.39 11.93 3.67
35.0 80.6 1.34 12.12 3.69
35.5 76.7 1.31 12.26 3.70
36.0 75.0 1.29 10.74 3.56
36.5 74.6 1.29 10.21 3.53
37.0 73.4 1.28 11.05 3.58
37.5 74.4 1.29 11.06 3.60
38.0 73.5 1.28 11.35 3.62
38.5 72.0 1.27 11.61 3.65
39.0 72.1 1.27 8.97 3.43
39.5 72.9 1.27 9.43 3.46
40.0 70.8 1.25 9.52 3.47
40.5 71.9 1.26 10.35 3.54
41.0 73.6 1.28 8.19 3.34
41.5 72.1 1.27 9.83 3.49
42.0 75.3 1.29 11.60 3.62
42.5 76.8 1.31 10.17 3.53
43.0 77.3 1.31 9.98 3.50
43.5 76.6 1.30 9.97 3.50
44.0 75.4 1.29 10.41 3.56
44.5 78.4 1.32 10.77 3.57
45.0 81.3 1.34 10.90 3.58
45.5 81.4 1.35 8.89 3.42
46.0 81.4 1.34 10.11 3.52
46.5 81.4 1.34 11.34 3.63
47.0 80.4 1.34 10.25 3.54

45.0 81.2
45.5 82.5
46.0 83.5
46.5 82.0
47.0 82.1
47.5 81.6
48.0 80.8
48.5 82.8
49.0 82.1
49.5 86.3
50.0 93.6
50.5 98.2
51.0 100.3
51.5 97.5
52.0 95.3
52.5 92.8
53.0 90.9
53.5 91.8

1.34
1.35
1.36
1.35
1.35
1.35
1.34
1.36
1.35
1.38
1.44
1.48
1.49
1.47
1.46
1.44
1.42
1.43

12.69
11.60
11.81
12.07
11.36
12.49
10.52
11.43
13.13
12.56
13.31
13.54
13.87
13.07
15.83
12.26
12.71
14.32

3.75
3.67
3.64
3.69
3.62
3.72
3.55
3.63
3.77
3.74
3.77
3.83
3.84
3.79
3.98
3.70
3.74
3.87
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Well 299-W18-171 February 1991

Depth
feet
54.0
54.5
55.0
55.5
56.0
56.5
57.0
57.5
58.0
58.5
59.0
59.5
60.0
60.5
61.0
61.5
62.0
62.5
63.0
63.5
64.0
64.5
65.0
65.5
66.0
66.5
67.0
67.5
68.0
68.5
69.0
69.5
70.0
70.5
71.0
71.5
72.0
72.5
73.0
73 .
74.0
74.5
75.0
75.5
76.0
76.5
77.0
77.5
78.0
78.5 1
79.0
79.5
80.0
80.5 1
81.0 1
81.5 1
82.0 1
82.5 1
83.0 1

Gross
cps
90.6
88.4
92.5
97.6

100.0
98.6
98.6
98.8
96.6
98.0

100.0
103.0
104.2
104.8
106.3
109.8
113.1
113.1
113.8
114.0
113.8
114.0
109.4
102.2
97.4
97.1
96.9
94.1
90.9
88.9
83.3
79.5
74.6
73.7
74.9
75.3
74.2
81.3
89.5
96.4
99.8

101.3
101.1
98.9
96. 1
96.4
98. 0
99.6
99.7
00.3
98.4
98.2
99.4
02.6
08.1
08.0
08.3
08.4
28.5

Uncer
2 i Vm

1. 4
1.40
1.43
1.47
1.49
1.48
1.48
1.48
1.47
1.48
1.49
1.51
1.52
1.53
1.54
1.56
1.59
1.59
1.59
1.59
1.59
1.59
1.56
1.51
1.47
1.47
1.47
1.45
1.42
1.41
1.36
1.33
1.29
1.28
1.29
1.29
1.28
1.34
1.41
1.46
1.49
1.50
1.50
1.48
1.46
1.46
1.48
1.49
1.49
1.49
1.48
1.48
1.49
1.51
1.55
1.55
1.55
1.55
1.69

K-40
19Ci/g

13.60
15.50
14.72
16.99
13.32
13.46
14.15
16.38
14.80
16.53
16.74
15.06
17.69
15.51
14.85
14.21
13.69
15.88
14.05
13.49
16.31
14.04
14.15
14.87
17.20
14.79
14.08
15.56
14.61
11.06
12.83
9.73

10.33
11.80
10.57
10.86
12.31
12.86
15.23
13 .08
15.62
15.31
13.63
12.90
14.29
13.20
19.27
15.68
16.84
13.45
13.29 3
13.193
13.233
16.924
15.643
15.654
13.71 3
12.07 3

Uncer
2-sigma
4.00
3.81
3.95
3.90
4.08
3.79
3.79
3.88
4.02
3.91
4.05
4.08
3.93
4.16
3.96
3.93
3.85
3.84
4.00
3.86
3.79
4.05
3.86
3.88
3.92
4.12
3.90
3.86
3.97
3.88
3.62
3.73
3.50
3.54
3.66
3.55
3.58
3.68
3.76
3.95
3.77
3.99
3.94
3.81
3.74
3.86
3.77
4.28
3.99
4.08
3.81

.79
1.79
3.80
.07

t.98
.00
1.84
.70

Depth-
feet
83.5
84.(
84.5
85.C
85.5
86. C
86.5
87.0
87.5
88.0
88.5
89.0
89.5
90.0
90.5
91.0
91.5
92.0
92.5

90.0
90.5
91.0
91.5
92.0
92.5
93.0
93.5
94.0
94.5
95.0
95.5
96.0
96.5
97.0
97.5
98.0
98.5
99.0

115.6
116.1
116.6
117.1
117.6
118.1
118.6
119.1
119.6
120.1
120.6
121.1
121.6
122.1
122.6
123.1
123.6
124.1

a Gross
cps

149.4
143.4
96.5
82.8
79.2
78.4
78.2
78.3
76.8
75.1
76.7
75.0
78.0
80.8
88.5

101.2
109.2
112.5
113.3

93.5
106.2
113.3
114.6
113.3
110.5
104.7
93.6
82.3
78.0
78.5
76.3
76.2
75.1
75.7
76.1
75.6
73.3
73.5

73.6
76.9
84.6
99.0

107.9
115.1
118.7
120.7
121.1
119.5
116.5
115.0
120.1
126.2
130.3
134.8
140.1
133.9

Uncer
2-sigma
1.82
1.79
1.46
1.36
1.33
1.32
1.32
1.32
1.31
1.29
1.31
1.29
1.32
1.34
1.40
1.50
1.56
1.58
1.59

1.44
1.54
1.59
1.60
1.59
1.57
1.53
1.44
1.35
1.32
1.32
1.30
1.30
1.29
1.30
1.30
1.30
1.28
1.28

1.28
1.31
1.37
1.48.
1.51
1.60
1.62
1.64
1.64
1.63
1.61
1.60
1.63
1.67
1.70
1.73
1.76
1.72

K-40
pCi/g

14.59
13.43
12.37
12.74
13.15
12.57
11.86
13.60
13.76
11.16
11.71
12.28
12.21
12.89
14.07
15.33
17.04
18.56
16.85

11.34
13.61
13.84
15.25
17.55
15.35
15.93
12.30
11 .84
11.18
10.80
9.70
9.37

11.18
11.74
10.05
10.55
8.95

10.66

9.63
10.10
12.57
13.48
15.29
17.25
16.89
12.23
14.06
15.54
13.23
16.19
17.13
16.48
16.93
15.48
16.12
15.98

Uncer
2-s igmO
3.89
3.72
3.69
3.76
3.78
3.72
3.66
3.80
3.79
3.60
3.66
3.69
3.68
3.75
3.85
3.96
4.09
4.21
4.06

3.67
3.85
3.83
3.97
4.16
3.98
4.02
3.71
3.68
3.63
3.57
3.52
3.49
3.62
3.67
3.55
3.58
3.43
3.57

3.49
3.52
3.74
3.81
3.95
4.10
4.10
3.73
3 .88
3.96
3.78
4.02
4.14
4.05
4.10
3.99
4.01
4.02

0
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Well # 299-W18-171

Gross Activity, cps
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Figure 8. Potassium concentration and gross gamma activity for 299-W18-171
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TYPE - -1 HCA D 01 SEGMENT * 01 SEQUENCE
REALTIME = 180.92 SECONDS. LIVETIME -
DATA COLLECTED AT 13:30:56 ON 07-FEB-91
:0000 GOF

I 0
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Figure 9. Gamma Ray spectra for borehole 299-W18-171 at depth 82.5 feet
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Figure 10. Gamma Ray spectra for borehole 299-W18-171 at depth 83.0 feet
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TYPE -1 MCA I 01 SEGMENT I 01 SEQUENCE 0
REALTIME - 181.12 SECONDS, LIVETIME 160.00 SECONDS
DATA COLLECTED AT 13: 37: 39 ON 07-FEB-91
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Figure 11. Gamma Ray spectra for borehole 299-W18-171 al depth 83.5 feel
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TYPE = -I 4C. # 01 SEGMENT 1 01 SEQUENCE
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Figure 13. Gamma Ray spectra for borehole 299-W18-171 at depth 84.5 feet
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TYPE -1 MCA 01 SEGMENT # 01 SEOUQCE N 0 : 1
REALTIME 181.10 SECONDS. LIVETIME - 180.00 SECONDS
DATA COLLECTED AT 13: 41: 02 ON 07-FEB-91
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Figure 14. Expanded Gamma Ray Spectra for 299-W18-171 at deth 84.0 feet
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RESULTS OF GROSS GAMMA RAY GEOPHYSICAL LOGGING OF WELL 299-W18-171
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V-Battelle
Pacific Northwest Laboratories
Battelle Boulevard
P.O. Box 999
Richland, Washington 99352
Telephone (509) 376-5056

March 19, 1991

Ms. V. H. Rohay
Westinghouse Hanford Company
P.O. Box 1970/H4-56
Richland, WA 99352

Dear Ms. Rohay:

RESULTS FROM GROSS-GAMMA RAY LOGGING OF WELL 299-W18-171 IN SUPPORT OF 200
WEST AREA CARBON TETRACHLORIDE EXPEDITED RESPONSE ACTION - ED1397

Enclosed are the results from the gross gamma ray geophysical logging
activities performed on February 21, 1991. I hope you find this information
useful, and will consider using our services in the future. If similar work
is anticipated, $1000 should be budgeted per well. This additional funding
will cover the cost of preparing the report. Please feel free to make any
suggestions as to logging/plotting scales, or to the contents of the report.

.4 If you have any questions, please feel free to contact either Steven P.
Airhart (376-0117) or me.

Very truly yours,

Michael A. Neely, Manager
Ground Water and Compliance Monitoring
OFFICE OF ENVIRONMENTAL TECHNOLOGY

MAN/AWP/dla

Enclosure

WHC w/enc
cc: KR Fecht

RL Jackson
AJ Knepp
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Attachment
March 19, 1991

RESULTS OF GROSS GAMMA RAY GEOPHYSICAL LOGGING OF WELL 299-W18-171

This work was performed on February 21, 1991 in accordance with the gross

gamma logging procedure PNL-MA-567 GL-7A Rev. 0. The original analog copy of

the log was given to Kent Reynolds at the site upon completion of the

activity. Logs presented in this report were recorded digitally and later

plotted. The "GAMMA DIRECT" log is a plot of the raw signal data which con-

tains some statistical noise. The "GAMMA FILTERED" log is a plot of the same

data after a seven point averaging filter has been applied. This filter

suppresses the statistical noise, while preserving the character of the log.

The accompanying lithologic column was compiled from the drill log

enclosed in the SOW. This column shows major lithologic changes which is

useful for interpreting the gross gamma log.

In general, gross-gamma geophysical logging is used to correlate and

interpret subsurface stratigraphy between boreholes. Specifically, the gross

gamma log is useful for providing an indication of the clay content of the

formation. In many cases, the fine-grained sedimentary layers produce a

higher gamma activity than coarse-grained sediments. Another use is to iden-

tify zones of suspected contamination by gamma-ray-emitting radionuclides.

Additional factors which may influence gross-gamma ray data include

casing, the presence of voids behind the casing, and annular seal material.

Bentonite normally contains potassium, thus producing a higher count rate.

Cement grout produces a lower count rate and tends to shield the borehole.

The same is true for silica sand. In this case it is difficult to tell what

effects these factors have on the log. It was noted in the drill log that

108 gallons of cement grout was placed as a surface seal. This normally would

be placed in the annulus between 20 feet of starter casing and the 8 inch

permanent casing. The starter casing would have then been pulled out exposing

the cement grout to the formation, thus forming a surface seal. If this was

C5-28
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the case then the lower count rate exhibited in the top 25 feet of the log is
a direct result.

The spike at 86 ft appears to correspond to the 20,000 dpm contamination

encountered at this depth while drilling. It is our experience that count

rates as high as 150 cps can occur at some silt/clay lenses at the Hanford

Site. However, when we have encountered radiological contamination in the

past it has often exhibited this same well defined sharp spike characteristic.

It is difficult to determine if contamination is still present. My recommen-
dation would be to avoid perforating between 80 and 90 ft.

'Zrill

C5-29
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Stratigraphic Data for the 200 West Area (1 of 4)

Q 0
x *k

1 ~ ~~~~ 4 :e D; n

Coordinates e

783 413 1-1 97 1 0 0 56 7 50 0 56 46

West North At0 ( 4 .&'~ 4 ,

75920 43783 WI-10 674 83 591 7 584 13 571 21 550 465
75908 43771 W10-11 674 83 591 12 579 28 551 10 541 465
75906 43755 W10-12 673 70 603 12 591 28 563 20 543 465
78297 43137 W10-13 697 112 585 8 577 15 562 0 562 465
78330 43143 W10-14 697 130 0 567 7 560 0 560 465

75858 43791 W11-15 676 465
75825 43130 W11-16 673 465
76183 43154 W10-2 674 80 594 16 578 19 559 17 542 465
75980 43348 W110-3 671 84 587 9 578 17 561 20 541 465
76489 42669 W110-5 671 95 576 10 566 10 556 15 541 466 C

75600 43799 W10-8 680 83 597 10 587 34 553 16 537 465 P,
71500 43150 W11-10 729 113 616 10 606 8 598 0 598 457
75340 43098 W11-12 680 96 584 10 574 25 549 0 549 465
73000 44000 W1l-14 715 125 590 10 580 15 565 5 560 461
75416 43716 W14-24 685 94 591 8 583 33 550 0 550 465 2 51

74959 42986 W14-26 694 90 604 16 588 24 564 11 553 271 282 17 265 74 191
73525 42750 W11-6 716 120 596 25 571 0 571 10 561 461
74251 43350 W11-7 709 105 604 27 577 13 564 20 544 463
72542 43319 W15-9 723 111 612 20 59 5 587 50 537 459
70733 45083 W412-1 726 452

75262 42159 W414-1 666 460
75002 40003 W114-7 677 113 564 15 549 2 547 0 547 294 253 51 211 53 15871795 40098 W414-8 695 164 531 14 517 6 511 0 511 226 285 8 269 81 188
76920 41080 W415-10 676 466
76095 42350 W415-12 671 467

78089 39990 W415-14 698 140 558 17 541 12 529 11 518 278 240 48 192 58 134
78103 40330 W415-15 696 145 551 5 546 23 5Z3 0 523 467
77387 40269 W415-16 683 131 552 11 541 13 528 15 513 468
77387 40221 W15-17 683 547 34 513 5 508 467
77383 39705 W15-18 684 126 558 12 546 8 538 25 513 468



Stratigraphic Data for the 200 West Area (2 of 4)

0 0

e e e# -. #

Coordinates 0 0 R&e 44

7777 414 W15-1 p9 04 6 04 17 02 467

4 42 o S 10
C'- 0e k

7504410045- 62*6

756 405 W-6 07 9A6 7 54 4

7-1 -,0 50 0

712 690 We-1 i66 : 121 54 20 50 2 49 0 495 469 b t*S C

West worth 4

77772 41041 W15-19 692 146 0 545 17 528 467
78120 41028 W15-20 698 141 0 557 5 552 467
75700 41200 W415-4 662 467
75984 39537 W115-5 671 111 560 10 550 25 525 0 525 469 285 240 55 185 40 145
75765 40005 W15-6 571 9 562 17 545 0 545

77013 39388 W18-1 680 120 560 5 555 25 530 20 510
752 36990 W18-18 661 121 540 20 520 25 495 0 495 469
78109 37831 W148-22 666 118 548 20 528 7 521 0 521 467
78120 38987 W18-23 695 143 552 15 537 20 517 0 517 467
77180 38998 W18-24 682 128 554 12 542 16 526 0 526 468 0

0- -1 'N

V1f78097 39477 W19-26 699 16 0 536 25 0 45 467
ro 75491 37613 W19-1 674 126 548 25 523 10 513 0 513 470

75000 37201 W19-10 682 135 547 24 523 10 513 0 513 288 225 28 197 74 123
74240 37300 W19-14 693 464
74285 37775 W19-15 693 465 00)

73000 36849 W19-2 694 158 536 27 509 18 491 37 454 460
72252 37525 W19-20 691 176 0 515 20 0 495 459
75273 37462 W19-21 679 469
72588 37613 W19-24 697 182 0 515 25 0 490 460
75072 37629 W19-27 684 468

73184 37823 W19-28 701 165 526 20 516 8 508 20 488 462
72940 37849 W19-29 700 167 533 22 511 6 506 52 453 461
71999 39000 1419-4 715 460
71382 35868 W421-1 699 456
75082 35534 W422-17 672 464

73099 34508 W422-19 681 155 526 38 488 2 486 0 486 458
74600 34600 W22-21 670 460
73098 36094 W22-22 690 160 530 30 500 40 460 22 438 459
74450 36100 W22-26 680 463
73770 36150 W22-28 689 460

1



- Stratigraphic Data for the 200 West Area (3 of 4)

cQt 

p"

Coordinates h k b k
73630 '3p3; 2 Q 4 0 4Well'0 4

west North 20

73630 35337 W422-7 687 460
76725 35560 W23-11 664 465
76335 35861 W23-4 663 467
75550 35010 W23-6 667 463
74396 46090 W6-1 703 40 0 663 59 604 0 604 459 366 238 0 238 0 238

75302 45571 W6-2 690 57 633 9 624 29 595 0 595 461
78601 46551 W7-1 688 58 630 13 617 35 582 35 547 461
77385 46519 W7-2 642 17 625 35 590 13 577 460
77420 46520 W7-3 673 27 646 10 636 38 598 22 576 459 375 201 0 201 0 20177040 45435 W7-4 669 50 0 619 20 599 35 564 462

p 76816 46509 W7-5 673 24 649 11 638 41 597 0 597 460
76219 46509 W7-6 679 19 660 58 602 0 602 459
76519 46509 W7-7 675 38 637 622 460 -
75880 46510 W7-8 687 54 633 594 458
78889 46549 W7-9 735 461

79200 46551 W8-1 701 72 629 15 614 32 582 33 549 461
79507 44508 W9-1 738 150 588 10 578 25 553 9 544 464
77727 29379 6-29-72 647 165 0 0 482 62 420 213 207 55 152 95 5765357 30536 6-31-65 683 210 0 473 0 473 0 473 440
83724 31265 6-31-84B

61980 31974 6-32-62 707 224 0 483 0 483 0 483 429 180 303
70338 32077 6-32-70B 667 185 0 482 0 482 0 482 452
72039 32477 6-32-72 668 242 0 0 0 0 426 454 169 257 39 218 122 96
88207 34404 6-34-88 0 543 0 543 28 515
65758 34860 6-35-66 726 439

69988 34523 6-35-70 694 452
78190 35478 6-35-78B 661 107 554 55 499 0 499 0 499 467 258 241 72 169 90 79
60704 36365 6-36-61B 748 309 0 439 0 439 0 439 408 90 349 104 245 41 20481988 37018 6-37-82A 637 126 0 511 0 511 0 511 467
64978 37965 6-38-65 753 282 0 471 0 471 0 471 430 110 361 57 304 66 238



Stratigraphic Data for the 200 West Area (4 of 4)

Coordinates f

West North b p

70226 38142 6-38-70 711 453
78751 39198 6-39-79 674 126 548 16 532 10 522 8 514 467
61500 40300 6-40-62 748 313 0 435 0 435 0 435 406
79978 39665 6-40-80 655 89 566 23 543 38 505 0 505 288 217 52 165 57 108
84146 40345 6-40-84 550 12 538 18 520 291 229 196 33 0 33

84341 43315 6-43-84 556 19 537 13 524 327 197 129 68 0 68
88500 43200 6-43-89 467
90776 43369 6-43-91AP 442
63751 44053 6-44-64 720 260 0 460 0 460 0 460 407 103 357 12 345 25 320
69428 45003 6-45-69A 448 Cm

78294 44575 6-45-78 599 10 589 20 569 25 544 296 248 44 204 22 182

60286 47137 6-47-60 650 225 425 0 425 0 425 0 425 403 58 367 0 367 0 367
70660 47838 6-48-71 688 90 0 0 0 598 446 Go

79122 48600 6-49-79 688 0 0 641 71 570 457
84503 49919 6-50-05 739 65 0 674 55 619 85 534 456 267 267 48 219 66 153
63060 51449 6-51-63 406
75151 50667 6-51-75 641 0 429 450 376 5 371 105 266
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TO: V.J. Rohay

cc: M.C. Hagood
R.G. McCain

FROM: K.D. Reynolds

DATE: 3/7/91

SUBJECT: 200-West Carbon Tetrachloride Plume:
Gas Sampling in Existing Wells in the Z-1-A Tile Field
and Z-l6 Crib Areas

SCOPE:
This field study was undertaken to determine the presence or absence of

carbon tetrachloride vanor in both vadose and ground water monitoring
wells in the Z-1-A tile field and Z-1 crib areas of 200W. For this study
field methods were devised and used to first indicate the presence or
absence of CC14 vapor, and secondly to provide qualitative data as to
relative amounts of the compound present in the sampled well bores.

EQUIPMENT:
The sampling was done with the use of hand held field portable

instruments and a down hole sampling device designed by R. G. McCain of
Environmental Engineering. Positive presence of carbon tetrachloride vapor
was determined by the use of drager tubes in conjunction with an SIP 1000
PID type total organic vapor analyzer. The SIP was fitted with an 11.7 eY
lamp to allow for detection of compounds with energies of ionization in the
carbon tetrachloride range(1 1.25 eV), and was calibrated with 100 PPM
isobutylene. The SIP 1000 was used because of it's relative accuracy (
reliable to the .5-1 PPM range for detectability), and ease of operation and
reliability. The downhole sampling device consisted of a 4" stainless steel
sphere with ball valves and fittings on opposite sides, and an explosion
proof solenoid valve connected to electric cable.

METHODOLOGY:
Sampling was conducted according to the following methodology.

(1) The cap of the selected well was removed and the E.F.S. personnel
assigned would sample the well bore with an HNU total organic analyzer.
If the readings were above allowable levels (5 PPM) the well cap was
replaced and no down hole sampling was attempted. The HNU readings
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were checked with the SIP 1000 and carbon tetrachloride presence
proven with the use of drager tubes. Overall the SIP proved to be more
sensitive to CCL4 vapors, and gave consistently higher readings then the
HNU. Prevailing wind directions were taken into consideration for
personnel safety when opening the well bores. If the surface readings
were below safety levels the down hole sampling device was used. Prior
to use the SIP was calibrated each morning and after lunch break each
afternoon. In addition the instrument was recalibrated whenever the
readings on the instrument changed with out apparent reason. This drift
was most evident when there were noticeable temperature changes.

(2) The stainless steel sphere was flushed with air at least twice and a
reading with the SIP taken before each use. The sampling device was
evacuated by use of a small hand drive vacuum pump and opened to the
air to flush it. This process was repeated until the sphere was clean and
produced no readings on the SIP. The clean sphere was evacuated again,
attached to the electric cable and lowered into the well bore.

(3) The device was lowered to the bottom of the hole, or in the case of a
groundwater monitoring well to the water table. The selenoid valve was
then activated by means of a switch at the surface , thus allowing the
sphere to draw in a sample of the vapors present at that level in the
bore hole. Sufficient time (one minute) was allowed for the sphere to
reach equilibrium and the device was brought back to the surface.

(4) The sphere was then removed from the electric cable and a sample was
drawn from it using the vacuum pump on the SIP. The total response of
the SIP was observed and recorded. A second sample was then drawn
from the sphere into a drager tube with the use of a hand pump to prove
the presence of CC14.

(5) In most cases a second sampling run was done to provide backup data for
the first run. Second runs were not performed on well bores that
produced radioactive contamination on the sample cable, and at those
times when the well was being sampled to check on data gathered on
prior sampling days.

PERSONNEL:
Field support for this project were supplied by Environmental Field

Services, Health Physics and Geosciences. The field team was composed of
three people on any given day, one from each of the three supporting groups.
Personnel involved in the project were as follows:

Keith Shea Health Physics
Pete Parrish E.F.S.
Tim Hotteil E.F.S.
Randy Coffman E.F.S.
Kent Reynolds Geosciences/Geology
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Bruce Tuttle E.F.S./Safety-Prejob site safety
instructions and field supplies
(drager tubes and HNU total organic

vapor monitor)

DATA GATHERED DURING STUDY
Z-18 CRIB AREA

DATE & TIME RESULTS
NOTE: Field days 2/7,0,11 & 12/91

2/7 10:30?tl11 No surface det
38 PPM w/ HNU

2/12 9:16 >N 15 PPM at surface

2/7 11:00 zq' No surf. dot.
50 PPM w/HNU

12:30 .r Resample w/SIP
140 PPM Single run

2/12 9:30:Sa' 64 PPM -

2/7 13:20 Z %' No surf. det.
16 PPM 1st run
7 PPM 2nd run

2/7 13:40 ;f No surf. det.
15 PPM I st run
13 PPM 2nd run

2/7

2/8

14:202-14' No surf. det.
No det. Ist run
18 PPM 2nd run

14:0 0 '-'03 No surf. det.
.6 PPM 1st run
.7 PPM 2nd run

REMARKS

Positive
drager tube

Positive
drager tube
*Relatively

low press.

Positive
drager tube

Positive
drager tube

Positive
drager tube

*Relatively 1-
high barome-
tric pressure

2/11 10:15 vtA-WNo surf. det.
.9 PPM single run *ReL low

pressure

2/8 14:30 No surf. det.

D1-3

*Rel high

WELL *

W 18-98

DEPTH

80'

0

"-C,

Iv- W Ia-99

W 18-94

0' W 18-95

80'

80'

146'

206'

W 18-82

W 18-11

W 18-93 140'
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2/11 Az0t 10:30

2/11 7,k>z10:40

.6 PPM 1 run
No surf. det.
1.4 PPM

51 PPM at surf.

press.

Positive
drager tube

*Rel low
press. Pos
drager tube

Z-1-A Tile Field

2/11 12 13:00

2/11 t 13:16

2/11 ww-13:24

2/11 ,A13:50

2/12 z-i 10:20

2/12 z-X 10:25

2.8 PPM at surf.
1.9 PPM I st run
2.2 PPM 2nd run

+14 PPM at surf.

2.6 PPM at surf.
7.6 PPM 1st run
6.5 PPM 2nd run

.4 PPM at surf.
16.2 PPM I st run

170 PPM at surf.
No sample run

*Rel low
press.

Positive
drager tube

No second
run-low
level rad.
cont.

Positive
drager tube

8-11 PPM at surf. No samples

2/12 7nf 10:35 53 PPM at surf.

2/12 4A 10:38

2/12 2,iA 11:00

2/12 >1yt. 11:15

105 PPM at surf.

2.5 PPM at surf.
9.3 PPM 1st run
3.7 PPM 2nd run

16 PPM at surf.

No samples

No samples

Positive
drager tube

No samples

01-4

W 18-96 60'

W 18-167

W 18-166

W 1I-10

W 18-6

W 18-59

w 16-06

w 16-65

W 16-171

W 18-7

134'

41'

137'

126'

200'

150'

150'

150'

204'



DOE/RL-91-32
Draft B

W 16-66 150' v 2/12 1 1:25 No surf. det.
No det. 1st run
1.7 PPM 2nd run

* Note= Relative high end low pressure days determined as follows:
HIGH 30.03 and rising LOW 30.03 and falling
2/7 &a/9 1 relative high pressure days
2/11 & 12/91 relative low pressure days

WELLS NOT SAMPLED
Five wells in the study area were not sampled. W 16-60, w 18-77, and W

18-79 were not sampled because the well caps were rusted on and could not
be removed. W 18-76 and W 16-78 were not sampled because of known
radiation contamination. In addition several wells were not sampled because
of obstructions in the well bore, i.e. pumps and tubing in place would not
allow for the sampler to be lowered into the well bore.

RESULTS:
Data collected during the study indicate that carbon tetrachloride is

present in nearly all of the well bores in the vicinity of the Z cribs and tile
field, and is present even in wells that have cement plugs in place. For these
wells either the bottom plug does not form a complete seal, or the casing is
no longer intact for the entirety of the well bore.

The most consistent high readings were found on the west side of the Z 1-
A tile field, and on the north-northeast side and coner of the Z-18 crib.
These wells either were venting high levels of CCL4 on low pressure days or
gave consistent high levels of detection with the down hole sampler. During
the field study it became apparent that high barometric pressure caused
very large effects in the venting of vapors from the well bore. On low
pressure days (30.00 and falling) consistently higher readings were
recorded from surface, and from bottom hole. This phenomena is documented
in regard to water level fluctuations in ground water monitoring wells, and
in recorded vapor concentrations at the well head during drilling processes.

For the purpose of vapor extraction the most viable wells for consideration
in the program would be:

W 16-96 51 PPM surface
W 18-96 3a PPM surface
W 18-99 140 PPM downhole
W 18-85 105 PPM surface
W 18-86 53 PPM surface
W 16-6 170 PPM surface
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DON'T SAY IT --- Write It! Date: February 3, 1991

TO: V.J. Rohay
M.C. Hagood

cc: R.P. Henckel
W.L. Johnson

FROM: R.G.' McCain
H4-55, 6-0777

SUBJECT: 200-West Carbon Tetrachloride Plume:
Gas Samolinc in Existinq Vadose Holes

As of Feb 1, 1991, we have obtained gas samples from the bottom of four
vadose holes in the vicinity of Z-Plant. Given below are the holes sampled to
date and the CC1 4 level.

Hole No. Depth Date Sampled Results Remarks

W15-95 100± ft Jan 25, 1991 2.3 ppm Scentex GC indicates 5-6
q - , tc:o ppm, but peaks are

offscale. Retention time
' " _matched CCl, standard.

W15-84 110± ft Jan 25, 1991 106 ppm SIP reads "HI"
OVM 580-A reads 106 ppm
Draeger tube gave
positive indication of
CC1 4 on first pump

I compression.

W15-82 100± ft Jan 25, 1991 6 ppm SIP reads 6± ppm
I_ ISLZ' zsaTI OVM reads 5± ppm

W18-87 150± ft Jan 30, 1991 3.6-3.7 SIP reads 2.8 ppm at top
10'. 10 2A ppm of casing,

The above data are interesting in that the first three holes are within
150 ft of each other. Given the relatively close proximity of the holes, one
would not expect to see such a large variation in CC1 4 content. All three
appear to have been completed in more or less the same way, with 8-inch
diameter casing installed to total depth, with no perforations.

The relatively high concentrations of CC1 4 have led to a change in
analytical strategy. Experience with the Scentex in ECD mode indicates a much
greater sensitivity than is necessary. However, the GC is not set up for
direct injection, and we have no way of performing reliable dilution in the
field. Hence, only those samples with concentrations below a few ppm can be
analyzed using the Scentex GC. Samples with higher concentrations will produce
truncated peaks.
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Both the SIP and the OVM are capable of detecting CC14 in the low ppm
range in the field. These are both photoionization devices. An 11.7 eV lamp is
used to ionize the CC 4. (ionization potential is 11.28 eV). Therefore, in the
future we will depend on the use of the SIP in the field to determine CC14
concentrations. If the SIP indicates high concentrations, Draeger tubes can be
used to confirm the identity. If necessary, a second sample can be obtained
for GC analysis.

I understand that several vadose holes in the vicinity of the Z-IA tile
field have indicated high ambient levels of CC14 in the vicinity of the well
casing at the surface. When high concentrations exist at the surface, it may
not be advisable to obtain downhole samples, since the presence of significant
levels of CC14 at the surface can be taken as an indication of similar or
greater concentrations at depth. There are also operational considerations
associated with working in level "B" and in dealing with possible radiological
contamination of the sampling equipment.

I will be away from the office during the week of Feb 4-8 and Feb 11-15.
During this period, Kent Reynolds will assist in collecting vadose zone

-samples.
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APPENDIX D2

SOIL GAS SURVEY

to

is



THIS PAGE INTENTIONALLY
LEFT BLANK



DOE/RL-91-32
Draft B

DON'T SAY IT --- Write It! Date: July 22, 1991

TO: V.J. Rohay

cc: M.C. Hagood
R.P. Henckel

FROM: R.G. McCain
H4-55, 6-0777

SUBJECT: Soil Gas Monitoring - Carbon Tetrachloride Plume

The purpose of this DSI is to provide a summary of the data obtained when
the soil gas points at the Z-18 crib were re-sampled in March, 1991.

Soil gas points were installed Feb 20-23, 1991 by SAIC personnel under
the direction of K.D.Reynolds. Expendable stainless gas vapor points supplied

eo by AMS were driven to a depth of 4-5 ft. A 3/16-inch ID Teflon tubing extends
from the gas vapor probe to the surface. A map of soil gas points is shown in
Figure 1.

The initial re-sampling of CCl concentrations was made on March 14, 1991
by K.D. Reynolds and R.G. McCain. The organic vapor analyzer manufactured by
Summit Interests (SIP-1000) equipped with an 11.7 eV lamp was used for this
analysis. This instrument provides a total vapor reading in terms of
equivalent concentration (in ppm) relative to the calibration gas.

Two SIP's were used. One (SIP#1) was set up for relatively low
sensitivity. The second (SIP#2) was set up for higher sensitivity, and a
sample dryer probe containing a dessicant was used to eliminate moisture. Both
SIP's were calibrated to 100 ppm isobutylene in air immediately prior to soil
gas sampling. To measure soil gas concentration, each unit was connected
directly to the soil gas point and pumped for a period of 1- 2 minutes. The
value recorded i.s the maximum reading of the instrument during this period.
The maximum reading is obtained by depressing the [SET] button while in
measurement mode.

The results obtained are indicated on Figure 1 and tabulated in Table 1.
In general, the two instruments gave relatively consistent responses. However,
both appear to have experienced significant drift, as indicated by the change
in calibtation constants. We are presently evaluating various methods to deal
with instrument drift.

The measurements reported in Table 1 were collected during a period of
falling barometric pressure. Barometric pressure values reported by the
Hanford Weather Station were as follows:

10:00 am 29.061
11:00 am 29.058
12:00 noon 29.042
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Table 1

Z-18 Crib Soil Gas Data
R.G. McCain / K.D. Reynolds
Mar 14, 1991

DIP =
B =
S =
C =

point

E-3
E-2
E-1
S-1
W-1
W-2
W-3
N-4
N-1
N-2
N-5
N-6
N-11
N-7
N-3
N-8
W-5
N-9
N-10
N-10
N-12
W-4

9 PPM CC14

SIP #1

3
58

915
100

ambient soil gas

0.5
0.25
0.02

"LO"
"LO"
"LO"
"LO"
"LO""1LO"
"LO"

"LO"
"1LO"
"1LO"
"1LO"
"L0"1
"L0"
"LO"
"LO"
"3LO"
"LO"
"1LO"

2.7
2.6

1.956
3.901
3.683
3.628
3.978
3.049

3.42
2.36

1.431
0.601

6
6.622
1.726
14.62
4.677
5.234

1.18
1.114
1.245
3.278

9.6

RECALIBRATE INSTRUMENTS

DIP =
B =
S=
C=

9 PPM CCl4

SIP #2

2
120

1608
100

ambient soil gas

0.5
1.1
1.1
1.1
0.9
0.8
0.8
0.7
0.8
0.6
0.6
0.6
0.6
0.5
0.4
0.5
n r

2.7
1.6

1.902
3.339
4.633
3.973
6.05

3.065
3.519
2.661
1.679
1.492
6.082
7.46

1.716
14.95
5 093

0.4 7.319
0.4 5.883
0.4 5.149
0.4 2.68
0.3 6.529

- 8.8

3 2
42 114

562 1250
100 100

10.4 - 10.6
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Figure 1. Soil Gas Sampling Locations and Carbon Tetrachioride Concentrations,
200 West Area, Hanford Reservation. Washington
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APPENDIX E

GROUND WATER CHARACTERIZATION DATA

This appendix summarizes: (1) new analytical data acquired for Task 6
of the 200 West Area Carbon Tetrachloride Expedited Response Action Project
Plan (WHC 1991) and (2) existing data, used with new data, to evaluate the
nature and extent of volatile organic contaminants in ground water and to
address related health and safety concerns. The primary focus is on data
quality aspects of the analytical results.

SAMPLING AND ANALYSIS

Sample Collection

All ground water sampling activities for this study were conducted under
o3 full procedural controls required by the Westinghouse Hanford statement of

work (SOW) for Resource Conservation and Recovery Act (RCRA) of 1976 ground
water monitoring projects (WHC 1990; PNL 1989). These are the same procedures
and the same organization used to collect samples in the past, thus contri-
buting to the comparability between previous or existing data and the present.

The general sampling procedure involved purging three bore volumes and
stabilization of temperature, conductivity, and pH prior to sample collection
(PNL 1989). Sample vials used for volatile organic analysis (VOA) were 40-mL
amber glass vials with septum caps. Sample vials are carefully filled to
eliminate air bubbles (i.e., "zero head space"). Field data and sampling con-
ditions, including cross reference to sample chain of custody, were recorded

4% on Pacific Northwest Laboratory (PNL) ground water sample field record sheets.
Copies of all such records are maintained in the project files for this study

-- as well as by PNL under the provisions of the aforementioned SOW (Task 16).

Monitoring Well Conditions
c.

In accordance with the project plan (WHC 1991), only existing wells were
sampled for this reconnaissance phase of ground water characterization. Moni-
toring wells in the primary areas of interest (near the 216-Z-1A Tile Field,
216-Z-18 Crib, and 216-Z-9 Trench), are primarily old wells of uncertain
integrity. Following preliminary inspection, and initial attempts to obtain
water samples, minimal remediation was requested on several of the wells.
This consisted of attempting to install a pump and or removal of sand to
deepen the well so that a pump could be installed. These efforts were largely
unsuccessful and only a few wells met minimally acceptable conditions for
acquiring representative ground water samples. A well status summary of these
conditions is shown in Table E-1. In some cases, the limited water depth in a
well allowed only a bailed sample to be obtained (i.e., no purging was possi-
ble prior to sampling). Such samples were submitted for analysis, but were
used only to screen for the presence of volatile organic constituents.
Results from bailed samples were not used to construct the near field
distribu- tion map of carbon tetrachloride because they may not be
representative of the aquifer.
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Wetl Purpose/Location Able to Type UsabLe Coment
collect
sample

299-W18-6 216-Z-lA Tile Field No None No Cannot deepen

299-W18-7 216-Z-lA Tile Field No None No Cannot deepen

299-W18-9 216-2-18 Crib Yes Bailed Marginal May support a pump

299-W18-10 216-2-18 Crib No None Marginal

299-W18-11 216-Z-18 Crib No None No

299-W18-12 216-Z-18 Crib No None No

299-I15-6a 216-2-9 Trench Yes Submersible Yes Long perforated intervalb

299-W15-8 216-Z-9 Trench No No Marginal May support a pump
299-W15-9 216-2-9 Trench Yes gaiLed No Too shallow

299-W15-16 Maximum observed concentrations Yes Hydrostar Yes

699-39-79 Increasing concentrations near Yes P Yes
maximum of plume

699-38-70 Eastern perimeter of plume Yes P Yes

699-49-79 Northern perimeter of plume Yes P Yes

699-43-88 Western perimeter of plume Yes P Yes

299-W18-20 Southern perimeter of plume Yes P Conditional; Needs perforated interval modified
needs work

299-W18-17 Southern perimeter of plume Yes P Yes

299-W18-2 Near Z-18 Crib Yes Hydrostar Yes

299-W10-17 Northern 200 W maximum Yes Hydrostar Yes

299-W10-18 Northern 200 W maximum Yes Hydrostar Yes

299-W15-22 Northern 200 W maximum Yes Hydrostar Yes

299-W7-4 Northern boundary of 200 W Yes Hydrostar Yes

299-W7-5 Northern boundary of 200 W Yes Hydrostar Yes
aSapLed by bailer at top and bottom of perforated interval after removing pump. Sampled at bottom with packer set 10 ft off the bottom.
bLong perforated intervaL; but needs to be sawpled at various depth intervals before converting to 'standardized' sampling interval and saupLe

m
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Another major uncertainty about the older wells involves the possibility
of "preferential pathways" along the outside of the casing that could have
allowed vapor and/or liquid phase solvent to migrate downward through the
unsaturated zone to the water table and even deeper into the saturated zone.
This possibility cannot be evaluated for any of the older wells with currently
available data. The closer the well is to a potential source (216-Z-9 Trench,
216-Z-1A Tile Field, or 216-Z-18 Crib), the more likely such a condition may
have existed. Thus, the data from the older wells must be considered with
this uncertainty in mind. The existence of such a source would be manifest as
a random or anomalous occurrence. That is, if areal distribution of ground
water concentrations occur in a somewhat regular manner, this may be
circumstantial evidence that preferential pathways do not currently have a
significant effect on observed ground water concentrations. Additionally,
such contamination would tend to be more localized in the vicinity of the
borehole. Extended (large volume withdrawals) pumping with time series
sampling for VOAs may allow some inferences to be drawn in such cases.
Widespread aquifer contamination would yield only slight changes in
concentration with time or volume removed, whereas localized contamination
would be expected to yield a declining contaminant concentration with volume
removed.

In addition to the above, a mix of submersible pumps and Hydrostar
(tradename of Instrumentation Northwest, Redmond, Washington) (positive
displacement piston pumps) sample pumps, as indicated in Table E-1, were
installed in the monitoring wells sampled. While the Hydrostar sample pump is
in principle superior to the submersible pump for obtaining volatile organic
samples, some Hydrostar pumps have been observed to cause significant
"aeration" in the discharge water line during well purging. This apparent
aeration has not been observed with submersible pumps. This is a generic
problem that has been noted in several audits and for which a site-wide
corrective action is needed. (A schedule has been worked out to check all
Hydrostar pumps for "leaks" during June 1991 and to replace any defective
parts or units).

A third uncertainty concerns the general practice of placement of the
pump intake for most Hanford monitoring wells at 1.5 m below the static water
level. If a dense, settling vapor is the primary pathway for contaminating
ground water, the expectation would be for the highest concentrations to occur
near the surface of the aquifer. Depth distribution data are needed to
resolve this potential uncertainty and or to devise an alternative sampling
strategy to obtain both types of samples from existing wells. (NOTE: an
initial attempt was made to sample at the very top of the water in well W15-6
after removal of the sample pump but with inconclusive results. A concerted
effort is necessary to assess the need for adjustment or modification of the
depth of withdrawal for VOA sampling at a site where vapor transport is the
primary suspected mechanism of ground water contamination).
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Sampling for Vertical Distribution

Well W15-6 was sampled at three depths over its 52-m-long, perforated
interval within the aquifer. The W15-6 well was originally equipped with a
submersible pump set approximately 2.4 m below the water level. The well was
sampled twice for this study with the pump in place. The pump was then
removed, and a surface and bottom depth sample recovered with a flow-through
bailer. A packer was then placed 3 m above the bottom of the perforated
interval (52 m below the water table) to isolate the bottom section of the
perforated interval. The packer was set on 5-cm riser pipe and a Hydrostar
pump used for purging and sampling. The interval isolated by the packer was
pumped at 4 L/min for 2 h. The calculated dead volume of the isolated
interval was 57 L with 95 L in the 5-cm-diameter riser pipe above the packer.
VOA samples were taken at the end of the pumping period after stabilization of
standard indicator parameters and organic vapor monitor (OVM) (11.8-eV lamp)
headspace readings that were made on 500 mL samples drawn at 15-min intervals.

Sampling results are also available from two different depths in well
W18-17. This well was originally sampled in 1990 with a pump set at 6 m below
the water level, with an additional 15 m of perforated interval below the
pump. (There were no well casing perforations above the pump intake
position.) While the exact depth zone sampled is uncertain, it is likely
representative of 6 to 9 m below the water table. The same well was
remediated by filling with sand (to approximately 6 m below the water level)
and perforating the section of casing from 5 m below the water level to 1.5 m
above the water level. The pump was then set 1.5 m below the water and a
sample was taken.

Analytical Laboratory Results

Ground water samples in the vicinity of the study area are collected for
RCRA, Operational Monitoring and Site-Wide Surveillance programs. Integration
of ERA sampling with these activities minimized the number of new or additonal
analyses. Laboratories, analytes, instrumentation, quality control data and
results are discussed as follows.

Laboratories and Analytes of Interest. The target compounds or primary
constituents for this study were carbon tetrachloride and chloroform. Carbon
tetrachloride was expected to be the most significant contaminant based on
abundance and ground water quality standards (e.g., 0.3 and 7 p/b for carbon
tetrachloride and chloroform, respectively). However, several other volatile
organics have been identified in soils of the 200 West Area and associated
with past solvent extraction operations and testing. Thus, it was deemed
important to include the broad spectrum screen available by gas
chromatography/mass spectrometry (GC-MS) as well as analysis by standard GC
methods more commonly available. Three laboratories were used for this
purpose: (1) the GC-MS laboratory in the 325 Building in the 300 Area of
Hanford Site operated by PNL, (2) an offsite Contract Laboratory Program (CLP)
laboratory for Level IV analysis of laboratory splits (DATACHEM, Salt Lake
City, Utah), and (3) the GC laboratory located in the Sigma 5 Building in the
1100 Area of the Hanford Site, operated by PNL.
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The constituent lists for which results were routinely reported are as
shown in Tables E-2 and E-3 for the GC and GC-MS methods, respectively. Also
included are the results for one set of blanks. The GC laboratory results
consistently yielded lower levels of detection than either of the GC-MS
laboratories. This was especially true when the GC-MS laboratory diluted the
samples to avoid contamination of the instrument from the samples with high
concentrations of carbon tetrachloride. In these cases, the detectiom limit
is 10 to 100 times higher than the levels indicated in Table E-2. The GC
laboratory reported and quantified any additional significant peaks in the
chromatograph not accounted for by the standard list shown in Table E-3. (The
standard list shown in Table E-3 is a close match to the list of known vola-
tile organics identified with an asterisk in Table E-2). Of the 34 compounds
listed, only seven were reported above detection limits in the samples
analyzed during the period of this study:

* carbon tetrachloride

- chloroform

* methylene chloride

- trichloroethylene

- . tetrachlorotheylene (or perchloroethylene)

* methyl ethyl ketone, or 2-butanone

* toluene.

Only results for the above constituents are listed in the summary data
table (Table E-4). All other constituents listed in Table E-2 or E-3 were
below detection limits.

In addition to the volatile organics, some results for inorganic anions
were available that have been included. Additionally, not all results were

-- received in time for inclusion in this report. They should eventually be
available from the Hanford Environmental Information System (HEIS) data base.
Other major co-contaminants in the carbon tetrachloride solvent waste included
TBP, DBP, and DBBP. These constituents were not analyzed in the ground water
samples collected for this study. However, TBP and DBP results for several
wells within and adjacent to the study area are available from the Hanford
Ground Water Data Base (HGWDB). These data are included in the existing data
summary that follows.

Quality Control Samples. Blanks, duplicates, and laboratory splits were
used for quality control purposes. Blank results were as shown in Tables E-2
and E-3. Duplicates and laboratory splits are indicated in Table E-4. It
should also be noted that the three laboratory split results (one additional
laboratory split result has not been received), as well as samples from two
other wells, were processed as Level IV data and received Westinghouse
Handford Level B validation (summary sheets attached). No problems were
identified with any of the validation checks.

Generally, there is good agreement for laboratory splits and duplicates
for carbon tetrachloride and less so for chloroform. Other constituents are
not consistently detected often enough to make any meaningful observation.

E-5
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Table E-2. Constituent List and Blank Results for
Gas Chromatography (GC) Method.

E-6

Photo-ionization Electron capture
Compound (ppb) detector detector

Methylene Chloride <5

trans-1,2-Dichloroethylene <0.5 <3

I,1-Dichloroethane <3

cis-1,2-Dichloroethylene <0.5 <2

Chloroform <2

1,1,1-Trichloroethane <2

Carbon Tetrachloride <2

1,2,-Dichloroethane <2

Benzene <0.5

Trichloroethylene <0.5 <2

Toluene <0.5

Tetrachloroethylene <0.5 <2

Ethylbenzene <0.5

M + P - Xylene <0.5

0-Xylene <0.5

Other species
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Table E-3. Constituent List and Blank Levels for Gas
Chromatography-Mass Spectrometry (GS-MS) Method.

Concentration units (pg/L or
Cas Number Compound ag/Kq)

Data Chem PNL 325

74-87-3 Chloromethane 10 10

74-83-9 Bromomethane 10 10

75-01-4 VinyL Chloride 10 10

75-00-3 Chloroethane 10 10

75-09-2 MethyLene Chlorides 5 5

67-64-1 Acetonea 10 10

75-15-0 Carbon DisuLfide 5 5

75-35-4 1,1-Dichloroethenea 5 5

75-35-3 1,1-Dichloroethane 5 5

540-59-0 1,2-Dichloroethene8 (total) 5 5

67-66-3 Chloroform 5 5

107-06-2 1,2-Dichtoroethane8  5 5

78-93-3 2-Butanonea b 10 10

71-55-6 1,1,1-TrichLoroethanea 5 5

56-23-5 Carbon Tetrachloridea 5 5

108-05-4 VinyL Acetate 10 10

75-27-4 BromodichLoromethane 5 5

78-87-5 1,2-DichLoropropane 5 5

10061-01-5 cis-1,3-Dichtoropropene 5 5

79-01-6 Trichloroethenea 5 5

124-48-1 DibromochLoromethane 5 5

79-00-5 1,1,2-TrichLoroethane 5 5

71-43-2 Benzenes 5 5

10061-02-6 Trans-1,3-DichLoropropene 5 5

75-25-2 Bromoform 5 5

108-10-1 4-Methyl-2-Pentanone 10 10

591-78-6 2-Hexanone,a,c 10 10

127-18-4 Tetrachloroethenea 5 5

79-34-5 1,1,2,2-Tetrachloroethane 5 5

108-88-3 Toluenes 5 5

108-90-7 ChLorobenzenea 5 5

100-41-4 Ethytbenzenea 5 5

100-42-5 Styrene 5 5

1330-20-7 Total XyLenesa 5 5

aPreviousLy reported in 200 West soils and/or known to have been used in processes associated with the

Z Cribs,.Z ALSo known as methyl ethyl ketone (MEK).
cALso known as butyt methyl ketone.

E-7
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A summary comparison between laboratory splits for this study and
between results of this study and existing data is shown in Figure E-1. This
plot indicates good agreement between CLP Level IV results and onsite GC data
(Sigma 5 laboratory) as well as reasonable agreement with existing data. This
provides confidence in the data necessary to combine all available carbon
tetrachloride results for the far-field areal distribution maps. Thus, for
the purposes of this study, there appears to be concordance between existing
or nonvalidated data and current validated results.

Existing Analytical Data

All available 200 Area carbon tetrachloride results from the Hanford
Ground Water Data Base (HGWDB) were combined with current results from
Table E-4 to form an integrated data base for estimating far-field
distribution patterns of carbon tetrachloride (Table E-5 and corresponding
plots shown in Section 2.4.2). Data for constituent code A61 in the vicinity
of 200 West Area were extracted from the HGWDB using the Westinghouse Hanford
Geosciences Group's Paradox software on 4/30/91. The data cover the period of
1988 to the present. Where there were multiple results, the average was used
for the entries shown in Table E-5. An "average" collection date is listed in
each case where multiple analytical results were averaged. The table also
provides information about the well and sampling system used. In most cases,
the plume appears to be moving slowly enough that combining the time periods
of sample collection should not significantly distort the distribution pattern
obtained. Otherwise, there is insufficient areal distribution data on a year-
by-year basis.

The time variability of existing carbon tetrachloride data is illus-
trated in Figure E-2 at well W15-16, the well with the highest ground water
carbon tetrachloride concentrations. The plot also Illustrates the effect of
averaging multiple results from 1988 to present and that results from the
previous analytical vendor are in reasonable agreement with present results.

Existing data for TBP and DBP for the period 1/88 to 5/91 are provided
in the HGWDB. All values from the HGWDB were listed as less than the
detection limits (10 pg/L for TBP and 10,000 pg/L for DBP). One value of
20 pg/L appears for TBP in Table E-7 that was the apparent detection limit for
that analysis (i.e., listed as <20 pg/L in the HGWDB).

E-8



DOE/RL-91-32
Draft BR

C'
Table E-4. Summary of Ground, Water Analytical Results. (sheet 1 of 2)

HEIS CoPccIo Temp. Coducdvty Cerbon Ohtor MAthy*ono T6CN o- Tetracho. Medryl Chan
Wel number sampleID oat. Timo PH C PS Terchlr. form Chre. othylne ethylene ethyl Fruod. Otdd. Phosphate Sufate Nitra' Leb of

I -_ - -I Cuslody
2-W25-22 800=2 4)18191 1010 NA NA NA 1204 63 <5 7.9 1 NA 0.7 14.6 <0.2 33.i 63.4 A 30207

2-WOO-20 H0007167 218/91 953 7.5 23.3 205 193 14 <5 1 <0.5 7 NA NA NA NA NA BrA) 38044 (22815)

2.WI8-0-0 (E) 2/91 953 7.5 23.3 206 281 13 <5 0.9 <0.5 8.5 NA NA NA NA NA A 30044

2-W18-20-I (E) 2/6/91 953 7.5 23.3 205 179 14 <5 0.9 <0.5 6.6 NA NA NA NA NA A 38044

2-WIS.20 H0007305 320/91I NA NA NA NA 173 25 <5 0.9 <0.5 1.7 NA NA NA NA NA A 38075

A SPIT 80007305 3M20191 NA NA NA NA 250 21 <5 <5 <5 <10 NA NA NA NA NA C 3072
2-WI-.9(b) E 2/8(12 1250 6.8 17.9 23 61 5.5 <5 <0.5 <0.5 2347 NA NA NA NA NA A 30037

2-W28-2 l107302 3/20(91 NA NA NA NA $29 664 <5 1.7 1.1 NR NA NA NA NA NA A 3M074
LAsSKIT Hs0007302 X(20/91 NA NA NA NA 920 1100 <50 <50 <50 <100 NA NA NA NA NA C 308'7

2-W18-17(P 1/2991 952 7.9 20.3 248 NA NA NA NA NA NA NA NA NA NA NA S(A) 30041 (22814)
2.WIS.17 80007303 320/91 104 45 <5 9.4 0.7 NA NA NA NA NA A 3M100

LABSPIT H0007303 3/20/91 1200 <50 <50 <50 <50 <100 NA NA NA NA NA C 3072

2-W1_17M__P) HOD073 NA NA NA NA NA C NO RECORD

W7-4 10007326 230 <5 <5 <5 <5 <10 NA NA NA NA NA C 30127

W7-5 H0007329 28 <5 <5 <S <5 <10 NA NA NA NA NA 0 38128

699-43.88(P) 1/29/91 1226 7.7 17.2 291 <10 <10 <10 <10 <5 <20 NA NA NA NA NA B 30047

699-39-79[P) 1/29/91 852 8 14.3 200 340 <10 <20 <20 <20 <4 NA NA NA M% NA A(S) 22817(3804M

699-49-79(P) 1/2991 1130 7.8 17.8 419 <5 <S <5 <S <5 <10 NA NA NA NA NA A(B) 22818 (3048)

BLANKI <5 <5 <5 <5 <5 <10 NA NA NA NA NA B NA

699-38-70 1129/91 1040 7.2 19 1083 38 <5 <5 <5 <5 <10 NA NA NA NA NA AB) 22816 (30045)

WIS-181R) (/30/91 910 7.8 17.7 642 6200 <500 <500 <500 <500 <1000 NA NA NA NA NA a 30033

WIS.28(DUP) 5000 45 <5 a <5 <10 38035

15-9us) 131191 845 8.5 14.5 643 1800 1500 <500 <500 210. 700J NA NA NA NA NA B 38034

CUP(S) 1/31/91 845 I.5 14.5 543 2800 2400 <500 <500 <500 <1000 NA NA NA NA NA B 3034

2-WIO-17H) B00JFJ 5(8/91 NA NA NA NA 1162 37 <5 25 1 NA 2.2 25.5 <0.2 65.4 121 A 30210
2-W1Q.18[H} BOJF4 5/0/91 NA NA NA NA 705 18 <5 5.9 <0.5 NA 1.3 27.1 <0.2 02.? 54.1 A 38211

K
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Table E-4. Summary of Ground Water Analytical Results (sheet 2 of 2)

T.p. Q ftv Carbn Ciloro- Methylan TrIhtl ro' Tatrachloro. MVhI CtaNf

WehnumSbee $mpkl. D0t. Ty.. pH C TCyrid Chljorde spe Su Nltrt. "ab f
I-- 7 t N keton. . 4 Cudy

2-W;S-6!Hi SO0In 518/91 NA NA NA 2652 64 <5 1.3 1.2 NA 0.8 19.4 <0.2 4.7 A 38212

Z-WIS-"-VIP E 216191 110 7.4 17.4 326 4851 23 <5 .5 1.8 NA NA NA NA NA NA A 38O49

2-WIS-6-I(OUF) E 26191 1105 7.4 17.4 326 4638 23 <5 1.5 1.8 NA NA NA NA NA NA A 38049

2-Wl5-0(8-top) G00J00 419/91 6.5 17.5 375 5770 43 <5 2.1 3 NA MA NA NA NA NA A 3205A

2-WIS-6IB-bon) KOCJOI 4/9/91 3784 22 <5 1.6 1.4 NA NA NA NA NA NA A 3820SA

2-WS-16(1-1) HOCO7165 1130/91 910 7.6 17.7 t42 7429 38 <5 7.8 1.7 NA NA NA NA NA NA MIAI 38035 122813)

Z.WIS.-IP) 1130/91 1020 7.6 16.4 322 NA NA NA NA NA NA NA NA NA NA NA NA 38032

2-Wl5-6oSPIT COLU 4/9/91 1 1 < NA NA NA NA NA NA 38204

A . NL SIGMA 5 LAB
S ftiL 326 LAB
C . DATACHEM. INC
E - EXCEEDED HOLDING TIME

P . SUSMERSIBLE PUMP
H - HYDROSTAR

B = BAILED
CUP = DUPlCATE

C'
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Figure E-1. Comparison of Interlaboratory Results for Carbon
Tetrachlortde in 200 West Area Ground Water.

Legend

A Datachem vs Sigma 5, Lab Splits (1991)

N Sigma 5 (1991) vs HGWDB (1988-1990 Ave.)

Datachem (1991) vs HOWDB (1988-1990 Ave.)
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Table E-5. Summary of 200 West Area Carbon Tetrachloride Data
(1/88 to 5/91).

PERF MIN PERF MAXWELL

W10-13
W10-14
W10-4
W10-9
W11-14
W11-7
W14-10
W14-2
W14-5
W14-6
W15-10
W15-11
W15-12
W15-15
W15-16
W15-18
W15-19
W15-20
W15-24
W15-4
W15-6
W15-7
W18-15
W18-17
W18-2
W18-20
W18-21
W18-23
W18-24
W18-26
W18-4
W18-5
W18-9
W19-1
W19-11
W19-12
W19-13
W19-15
W19-16
W19-18
W19-19
W19-2
W19-20
W19-21
W19-23

EW

78297
78330
75977
75930
73000
74251
71905
75330
75440
75440
76920
77040
76095
78103
77387
77383
77772
78120
78096
75700
75765
76180
77152
76091
77150
76477
78080
78120
77180
78097
77375
77250
76846
75491
74210
75456
74180
74285
74230
73936
72406
73000
72252
75273
72587

NS

43137
43143
43033
43760
44000
43350
40810
42255
41160
41360
41080
41145
42350
40330
40269
39705
41041
41028
39851
41200
40005
40880
36990
39256
39120
38103
37794
38987
38998
39477
39150
39350
38852
37613
37860
38052
37510
37775
37950
37895
37569
36849
37525
37462
37499

DIAN

4
4
8
6
8
8
8
8
6
6
8
8
6
4
4
4
4
4
4
8
6
8
8
a
a
8
4
4
4
4
8
8
6
8
6
6
6
6
6
6
5
8
6
6
5

E-12

DEPTH

247
447
236
220
310
306
330
220
238
236
298
300
220
253
238
238
235
240
241
212
410
325
243
265
280
250
226
251
235
243
246
272
217
208
250
250
250
283
285
356
249
240
248
223
252

245
0

313
290
275
222
225
225
297
297
215

235
240
241
216
408
350
243
250
278
249

DRILL DATE

9/25/87
11/18/87
11/30/52
10/31/73
12/31/62
9/30/51
7/31/81
5/31/55

10/31/74
12/31/74
1/31/68
3/31/68

10/31/73
9/02/87
9/02/87
8/04/87

1/31/56
1/03/59
3/31/66
4/30/80
9/30181
1/11/58
8/31/82

7/29/87
7/01/87
8/11/87

222 243
200 278 2/28/59
195 274 11/30/58
180 218 12/31/68
178 299 5/31/59

4/30/83
1/31/83
6/30/84
6/30/85
6/30/85

11/30/85
1/31/87

235 295 8/31/57
6/30/86
7/31/86
3/31/87

190
0

250
245
260
181
190
195
183
183
195

214
220
220
170
175
182
170
220
200
220

SAMPLER

P-Hydstr
P-Hydstr
P-Submrsbt
P-Submrsb.
Baiter
Baiter

P-Submrsbt
P-SubrsbL
P-SubmrsbL
P-Submrsbt
P-Submirsbt
Baiter
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-Submrsbt
P-SubmrsbL
P-Submrsbt
P-Submrsbt
P-SubmrsbL

P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
Baiter
P-SubmrsbL
Baiter
Baiter

P-SubmrsbL
P-SubmrsbL
P-SubmrsbL
P-Subnrsbt
P-Subf rsbt
P-SubrnrsbL
P-Submrsbt
P-Submrsblt
P-Submrsbt
P-SubnrsbL

RESULT

11.8
5.0

2663.0
2000.0
767.0

2290.0
5.0

983.0
630.0
301.0

3893.0
4900.0
1580.0

471.0
7867.0
1897.0
1105.0

192.5
380.0

1960.0
4744.0
2350.0

106.0
1004.0
929.0
183.0
139.0
749.0
816.0
229.0
137.0

3517.0
165.0

7.0
115.0
20.0
36.0
84.2

162.0
44.5
15.0
22.0
33.4

5.0
28.5
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Table E-5. (Continued).

WELL

.19-24.
W19-25
W19-26
W19-27
W19-28
W19-3
W19-5
W19-9
W22-1
W22-12
W22-20
W22-22
W22-26
W23-10
W27-1
W6-2
W7-1
W7-2
W7-4
W7-5
W7-6
W7-7
W7-8
W7-9
W8-1
W9-1

6-38-70
6-39-79

PERF MAX DRILL DATE

4/30/87

4/30/87

4/30/87
4/30/87

EW

72588
72250
72345
75072
73184
74098
74685
74225
75208
74499
73182
73098
74450
76535
73242
75302
78601
77385
77040
76816
76219
76519
75880
78889
79200
79507
70226
78751

NS

37613
37575
37504
37629
37823
37819
36850
37895
35455
35180
34175

36094
36100
35420
33752
45571
46551
46519
45435
46509
46509
46509
46510
46549
46551
44508
38142
39198

DIAM

5

5

5

4
8
6

6

8
8
8
8
6
6

4

4

4

4

4

4

4

4

4
4
4

8
a

DEPTH PERF MIN

249

246
248
230
256 236
244 230
230 205
284 263

285 190
310 200
238 205
297 225
282 200
224 165

250
245
244

222
233
228
229
228 207

241 220
241 220
256
286
295 255

240 195

E-13

256
280
230
302
280
319
299
300
298
230a,

C-,

C.

228
241
241

380
295

9/30/57
11/30/68
8/31/44
6/30/56
1/31/56
6/30/57
7/31/60

12/31/63
10/31/72
6/30/84

11/13/87
7/30/87
9/30/87

11/19/87
11/19/87
11/02/87

7/23/87
10/22/87
6/30/57
9/30/48

SAMPLER

P-Submrsbt
P-Subrnrsbl
P-SubnrsbL

P-Submrsbt
P-Hydstr
P-Submrsbt
P-Pump

P-SubmrsbL
P-SubmrsbL
P-Submrsbtl
P-Submrsbt
P-Submrsbl
P-Submrsbl
P-Submrsbt
P-SubmrsbL
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-Hydstr
P-SubrnrsbL
P-Subnrsbt

RESULT

19.0
26.0
30.0
10.0
50.0
87.7

4.0
110.0

5.0
5.0

10.8
5.0
5.0
5.0
5.0

105.7
5.0
5.0

212.4
29.5

5.0
5.0
5.0
5.0
5.0
5.0

39.0
768.0

4
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Figure E-2. Carbon Tetrachloride History in Well W15-16.
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Water Table Elevations

Water levels or elevations used to prepare the water table map for the
216-Z cribs area are listed in Table E-6. Water table elevations were
extracted from the HGWDB using Westinghouse Hanford Geosciences Group's
Paradox software. Most of the data were for December 1990 to January 1991.
However, some earlier dates were used to obtain the coverage needed (e.g.,
June and July 1990). Major shifts in the water table are not likely over this
interval of time. In addition it should be noted that it was necessary to
estimate ground surface elevation from a topographic map to obtain water table
elevations for wells 2-W18-17 and 2-W18-20. In addition it should be noted
that the number of significant figures do not indicate accuracy. While steel
tape readings can be made to +/-0.01 ft, the greatest uncertainty is in the
elevation of the well casing for which an uncertainty of +/-I ft is likely.
More accurate survey results are needed to improve this source of possible
error.

Table E-6. Water Table Data for Wells
Near 216-Z Cribs.

WELL EW NS DATE HEAD

W15-15 78103 40330 12/11/90 467.13
W15-16 77387 40269 2/21/91 469.71
W15-17 77387 40221 12/11/90 467.38
W15-18 77383 .39705 12/11/90 468.10
W15-24 78096 39851 12/11/90 467.33
W15-5 75984 39537 12/12/90 469.21
W15-6 75765 40005 1/30/91 468.82
W15-8 75910 39740 5/07/90 470.77
W15-9 75890 39930 1/31/91 470.10
W18-10 76803 38847 6/20/90 470.85
W18-17 76091 39256 1/29/91 468.92
W18-20 76477 38103 2/06/91 469.71
W18-21 78080 37794 12/11/90 467.38
W18-22 78109 37831 12/11/90 466.63
W18-23 78120 38987 12/11/90 467.40
W18-24 77180 38998 12/11/90 468.35
W18-26 78097 39477 12/11/90 467.39
W18-3 77700 39600 12/17/90 463.06
W18-4 77375 39150 12/17/90 466.62
W18-5 77250 39350 12/14/90 467.22
W18-9 76846 38852 5/03/90 470.02
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CONCLUSIONS AND RECOMMENDATIONS

The need for a number of improvements was evident from this reconnais-
sance ground water characterization effort. Some conclusions or observations
of a more general nature are also provided.

1. There is a very limited number of reliable monitoring wells in the
vicinity of the 216-Z-1A Tile Field, the 216-Z-9 Trench, and the
216-Z-18 Crib to monitor the potential response of ground water to
remediation of the unsaturated zone. The wells include: 2-W18-2,
2-18-17, and possibly 2-W15-6. The last two of this group are old
(ca 1982 and 1957) for which preferential pathways around the
casing may be a possibility. Either some new wells need to be
installed, or alternative sampling systems used.

2. Improved ground water sampling procedures are needed, especially
for assessing the depth distribution near the surface of the
aquifer. This can be accomplished by discrete depth sampling at
0.5-m intervals after slowly purging the well. Elimination of
aeration from the Hydrostar sampling system is needed for sampling
in the standard configuration.

3. Dedicated analytical instrumentation is needed for ground water as
well as soil gas analyses. The turnaround time for laboratory
work is becoming a major obstacle to timely decisions. Field
located GC equipment can be cross referenced (comparative
sampling) to other ongoing RCRA and CERCLA water sampling
activities for which CLP Level IV results are required. Results
of this Investigation show that only a few volatile constituents
are present in ground water. A GC is adequate instrumentation in
this situation.

4. Low range as well as high range analytical capability is needed to
assess the extent of the low concentration boundary (<0.3 p/b) of
the carbon tetrachloride plume. These two types of samples need
to be segregated so that ultrasensitive instrumentation is not
overloaded by a high range sample.

5. Results of this study indicate that past carbon tetrachloride
data, and perhaps other volatile constituent data as well, are
reliable even though rigorous validation checks of the data cannot
be performed post facto.
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Christine Eddy & Associates, Inc.
16408 N.E. 170th Place
Woodinville, WA 98072

(206) 485-5860

June 5, 1991

Mr. Grover Buhr
A.T. Kearney, Inc.
1 Lagoon Drive
Redwood City, CA 94065

Dear Grover:

Christine Eddy & Associates, Inc. (CEA) was requested by Michael Hagood of
Westinghouse Hanford Company (WHC) on May 29, 1991, to provide a review of the
216-Z-1A Tile Field Soil Venting Characterization Report prepared by Hart
Crowser for Ebasco Services and dated May 23, 1991. This review was performed
in cooperation with Hart Crowser. The purpose of this review was to evaluate
the model to determine:

. the appropriateness of the model to simulate the 216-Z-1A Tile
9" Field vapor extraction test:

* the appropriateness of the input parameters; and

. the validity of the model calibration process.

This work was performed on an expedited basis in order to meet the publishing

requirements of WHC.

The computer code (MODFLOW) chosen by Hart Crowser to model the withdrawal
scenarios appears to be appropriate to the problem. Many of the input
parameters were modified by Hart Crowser to simulate the flow of air through
the vadose zone. The modifications were checked and the conversions of most
parameters appears to be correct.

The solutions provided by the final calibrated model were, however, based on
several assumptions that CEA believes should be revised. The permeability
chosen for the final model was more than 2 orders of magnitude higher than the
permeability predicted from the field testing. After discussions with Kearney
and WHC, CEA determined that a lower permeability would be more appropriate
given the site conditions qnd the data from the on-site wells. The boundary
conditions used in the model calibration were influencing the model results
slightly along the east and west sides of the model area. In addition, as
Hart Crowser agreed, the vertical conductivity parameters (referred to as
VCONT) were incorrectly computed and input in the model. VCONT was calculated
by Hart Crowser as the thickness of an element divided by the vertical
hydraulic conductivity. VCONT should be calculated as a series which takes
into account the thickness and vertical hydraulic conductivity of each layer
and the layer below it (VCONT = 2/(TI/K1 + T2/K2), where T and K are the
thickness and vertical hydraulic conductivity of each layer). This change in

Providing Hydrogeological and Environmental Services
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VONT was minor and only had a slight effect on the model results. Based on
the items outline above, CEA believed it was necessary to rerun the model to
obtain a more realistic solution.

Model Recalibration

CEA calibrated the revised model to data from the venting well (W18-171).
This was done because the observation well did not appear to have data
representative of the system, especially when compared to the venting well
data. This lack of representativeness may be the result of barometric
pressure effects, the well not performing adequately (due to perforations in a
lower permeability interval, inadequate perforations, etc.), or other reasons.
Therefore, the venting well data appear to be a more reliable representation
of the hydraulic parameters in the area.

The larger model grid (41 X 26), used in the Hart Crowser scenario modeling,
was used in the CEA model calibration to reduce the effects of the boundary
conditions. The vertical conductivity values were corrected, and all other
input parameters were the same as those used in the Hart Crowser modeling.
The time of simulation was increased to 80 hours to match the actual time of
the venting test. Steady state in the model was reached between 10 and 20
hours after the start of the venting test. The venting rate at well W18-171
was 305 cfm, between the average rate of 300 to 310 cfm as reported for the
80-hr vent test. The permeability of the layers was adjusted until the
drawdown in the venting well was within the observed range of 35 to 40 in.
water gauge (w.g.). The final calibrated model predicted a drawdown of 35.9
in. w.g. (Figure 1) using a permeability of 7.5 darcies (8.257 x 0 .cm) in
the upper layers and a permeability of 15 darcies (1.65 x 10' cm ) in the
lower layer. These values match fairly well with the permeab lity calculated
from the Phase 2 venting test of about 3.76 darcies (3.8 x 10 cm2).

Venting Scenarios

Using the recalibrated model, venting scenarios were run to determine the
venting rates necessary to obtain a drawdown of 0.2 in. w.g. and 1.0 in. w.g.
at the edge of the crib using either one well or three wells.

Figures 2 and 3 show the drawdown for the one well scenarios. To obtain a
model predicted drawdown of 0.2 in. w.g. at the edge of the crib, it was
necessary to pump at a rate of 160 cfm from the center of the tile field. A
drawdown of 1.0 in. w.g. was observed at the edge of the crib using a pumping
rate of 813 cfm.

Figures 4 and 5 show the drawdown for the three well scenarios. A drawdown of
0.2 in. w.g. at the edge of the crib was obtained using a pumping rate of 21.6
cfm from each well. A pumping rate of 108 cfm at each well was required to
obtain a predicted drawdown of 1.0 in. w.g. at the edge of the crib.
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Conclusions

The assumptions of boundary conditions and model size as well as the vertical
condutivity (VCONT) input values in the original calibrated model were changed
and the model recalibrated. The model was recalibrated to the venting well
which is expected to be more representative of the site conditions. The
recalibrated model predicts significant differences in the area of influence
of the venting well in the 216-2-1A tile field from those predicted by the
original model.

Sincerely,
Christine Eddy & Associates, Inc.

Christine Eddy
President

cc: Michael Hagood, WHC
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Figure 1. Drawdown Predicted in Well W18-171 for Final Model Calibration Run
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FINAL TEST REPORT
REVISION 1

216-Z-XA TILE FIELD
SOIL VENTING CHARACTERIZATION

(TASK 7 OF 200 WEST AREA
CARBON TETRACHLORIDE

EXPEDITED RESPONSE ACTION)

June 14, 1991

Submitted to
WESTINGHOUSE HANFORD COMPANY

Task Order E-91-13 of Order No. MLW-SVV-037106

Prepared for
EBASCO SERVICES INCORPORATED

by
Hart Crowser, Incorporated
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EBASCO SERVICES INCORPORATED
1201 Jadwin Ave., Suite 202, Richland. WA 99352-3429

June 14, 1991
ERL-WHC/91-13-L-91-145

Mr. L.C. Swanson
Westinghouse Hanford Company
P.O. Box 1970
Richland, WA 99352

SUBJECT: WHC ORDER NO. MLW-SVV-037106
TASK ORDER NO. E-91-13
VAPOR VACUUM EXTRACTION TEST
FINAL REPORT

Dear Mr. Swanson:

Ebasco is pleased to submit its revised final report under Task Order E-91-13, "Final Test
Report, 216-A-IA Tile Field Soil Venting Characterization." This report contains resolution
of comments provided by WHC on the previous submittal and addresses the results of Task 7
of the Expedited Response Action dealing with carbon tetrachloride contamination of vadose
zone sediments in the 200-West Area of the Hanford Site. The submittal of this revised final
report completes the Ebasco scope of work under this task order.

Please contact Jim Wilder at (206)
questions on this final submittal.

324-9530 or Rick Cameron at 943-0550 if you have any

Very truly yours,

Russell H. Boyd, P.E.
Project Manager
Ebasco Services Incorporated

RHB:mtj
enclosure

cc: R. Treat, w/o enclosure
J. Wilder, w/o enclosure
R. Cameron, w/o enclosure
File: 2.2/14.2
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DISCLAIMER

This report was prepared as an account of work sponsored by the United States government.
Neither the United States nor the Department of Energy, nor any of their employees, makes
any warranty, expressed or implied, nor assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade name, mark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government, any agency thereof, or any
contractor or subcontractor. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government, any agency thereof, or any
contractor or subcontractor.
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EXECUTIVE SUMMARY

Westinghouse Hanford Company (WHC) performed a soil venting characterization
study at the 216-Z-1A Tile Field during April 1991 to assess the feasibility of using a soil
vapor extraction system (VES) to remove carbon tetrachloride (CC4) vapors and other
volatile organic compounds from the unsaturated soil beneath the tile field. The study was
completed as Task 7 of the Expedited Response Action Project Plan that was drafted by
WHC in response to the joint agreement between The U.S. Environmental Protection
Agency, the Washington State Department of Ecology, and the U.S. Department of Energy -
Richland Operations Office.

The 216-Z-IA Tile Field was selected as the study site for several reasons. First,
historical operations resulted in the disposal of about 5,200,000 liters of wastewater
containing about 245 metric tons of CC 4 to the tile field between 1964 and 1969. Second,
many test casings had already been installed to about 150 feet below ground at the 216-Z-1A
Tile Field. Third, some of the casings were outside the fenced zone at the tile field, which
allowed easy access for the venting tests.

The VES apparatus, which was purchased from a contractor, was designed to vent
500 cubic feet per minute of soil gas and treat it using high effic iency particulate air (HEPA)
filters and canisters filled with granular activated carbon to remove radiological and organic
components, respectively, before the treated air was discharged to the atmosphere. In-line
monitors were installed to measure the process stream concentrations continuously. The data
acquisition system was programmed to automatically shut down the venting system if the
measured concentrations in the process piping exceeded allowable limits.

The VES apparatus was equipped with sampling ports to allow sampling of the
extracted soil vapor for chemical analysis by the WHC laboratory. Sampling was performed
for the following constituents: volatile organic compounds (primarily CC 4); particulate
radionuclides; butyl alcohol and other possible breakdown products of the disposed process
chemical; and water vapor, which is not toxic but which could affect the performance of a
full-scale venting system.

Four existing wells at the tile field were used for the study. They were configured in
a nearly linear relationship from north to south. Two of the wells were inside the fenced
area and penetrated the tile field itself, and two wells were outside the fence. The
northernmost and southernmost wells were about 250 feet apart, with well spacings of 30
feet, 95 feet, and 250 feet. Based on inspection of historical boring logs, each of the four
casings were perforated at strategic vertical intervals to provide access to the soil strata that
were considered most likely to have accumulated volatile compounds. The perforated
intervals in each were isolated using straddle packers, allowing the different strata under the
tile field to be tested independently.

i
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Phase One of the study was devoted to assessing the lateral and vertical distributions
of CCl4 under the tile field. "Puff tests" were used, where low flowrates of soil gas were
vented for a short duration from many of the perforated intervals while gas samples were
taken. The Phase One tests showed that the CC 4 vapor was mainly concentrated in the
lower soil zones under the tile field, but that significant CC 4 vapor concentrations were
found in subsurface soils outside the tile field boundary.

Phase Two of the study was devoted to assessing the air permeability of the soil
within two strata at the edge of the tile field. The measured permeability of a sandy soil
layer about 60 feet below ground surface ranged from about 2 to 7 darcies. The second
hydraulic venting test, of the fine sand layer about 120 feet below ground surface, did not
produce usable data. After the test was completed it was determined that the vacuum data
measured during that second test were adversely affected by variations caused by barometric
pressure swings.

Phase Three of the study involved long-term venting tests at two of the wells, at
perforated intervals near where the highest CCL concentrations were found during Phase

C One. The first test was done by venting a well near the center of the tile field at about 55
cubic feet per minute (cfm) for 24 hours. The CCl4 vapor concentration quickly stabilized at
about 200 part per million volume (ppm,), and about 8 pounds of CCL4 were removed during
the 24-hour test. The second test was performed by venting a well at the outer edge of the
tile field at about 330 cfm for about 80 hours. The CC4 vapor concentration increased
steadily to about 900 parts per million (ppm), indicating that a surge of CC14 was being
drawn to the venting well from the interior of the tile field. About 300 pounds of CC was
removed during the 80-hour test.

Low concentrations of particulate alpha and gamma activity were measured at the
VES inlet, upstream of the particulate prefilters and HEPA filters. The particulate activity
was not detected consistently at all time intervals, and it is not certain whether the
radionuclides actually appeared and disappeared during the course of the test or whether the
detected radionuclides were in fact sampling artifacts.

Spectral gamma logging of the exterior of the GAC canisters after completion of all
tests indicated that what appears to be radon and radon daughter products were captured by
the GAC. Radon is a naturally occurring compound in soil, and it is believed that most of
the accumulated radon originated from natural sources.

Based on the results of the venting tests, a design description for a full-scale VES is
provided in this Test Report. The design is based on constructing a VES capable of venting
1,400 cfm of soil gas and treating it to satisfy upcoming air toxics regulations. The full-
scale VES is designed to remove and treat about 580 pounds per day of CC14 during the
initial startup period; after that time the CCL4 removal rate is expected to decrease as the
CC 4 in the soil is depleted.

ii
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The recommended full-scale VES consists of trailer-mounted equipment that can be
moved as needed to vent the 216-Z-lA, 216-Z-18, and 216-Z-9 tile fields. The use of a
mobile VES is recommended over the use of a stationary system that would be connected to
the various tile fields by long piping networks. The key components of the recommended
VES are as follows:

Several venting wells should be used at each of the tile fields to be vented.
This will provide flexibility to allow more aggressive venting at the portions of
the tile fields that display the highest concentrations of CC 4 vapor.

The venting wells at each tile field should be connected to the mobile VES
using above-ground flexible hose, which should be heated to minimize
uncontrolled moisture condensation in the hoses. Flexible hose will be much
easier to implement at Hanford than would buried solid piping that is more
commonly used at industrial sites.

It is recommended that 220-volt line electrical power be permanently installed
at each of the tile fields so that the mobile VES can be used without the need
for diesel electrical generators.

The vacuum pump modules should be designed to provide a maximum venting
flowrate of 1,400 cfm at a vacuum of about 100 inches water at the well
heads.

Efficient water vapor removal, by either efficient water vapor knockouts or by
electric chillers, should be installed at the VES inlet to prevent moisture
condensation inside the ducting and process equipment.

Particulate prefilters and dual HEPA filters should be installed on the vacuum
side of the system to remove low concentrations of particulate radionuclides
that might be entrained in the vented air.

The presence of radon at concentrations near or slightly above natural levels
should be considered in the design and licensing of the VES. The VES should
be equipped with continuous radiation monitoring to ensure that the
concentrations of radon, radon daughter products, and/or particulate
radionuclides in the emitted gas are within acceptable limits.

The system should be designed to permanently destroy an assumed 750 ppm of
CC14 in the vented air stream, and to reduce the stack concentrations of all
contaminants to meet upcoming air toxics limits at the property line. A
commercially available catalytic oxidizer is recommended, although a high
efficiency thermal oxidizer would also work well.

iii
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Monitoring equipment should be designed more specifically for the expected
operating conditions, e.g., the equipment will not degrade in the presence of
CCL4; will provide reliable information on system operation under varying
flow characteristics; and will withstand expected relative humidity conditions.

Based on the observation that the electronic and manual sensors measuring the
vacuum pressures at the wells did not correspond closely at times, it is
recommended that the vacuum gauges used for the full-scale VES be of a
different type than those used for the vent test.

Hydrochloric acid (HCI) emissions that would be formed by the combustion of
the CC14 are a major concern. The estimated property line concentrations of
HCI that would result from the recommended VES are less than the allowable
air toxics limit. Although Ecology might normally require the use of an HCl
scrubber on a VES as large as the one described herein, it is recommended

C that WHC negotiate with Ecology to allow the system to operate without a
scrubber. This recommendation is based on the difficulty, expense, and
secondary waste that would result from the use of a wet HCl scrubber at

erd. Hanford.

iv
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1.0 INTRODUCTION

On December 20, 1990, a letter to the U. S. Department of Energy - Richland Operations
Office requesting an Expedited Response Action (ERA) Plan to address the 200 West Area
carbon tetrachloride contamination was issued jointly by the U.S. Environmental Protection
Agency (EPA) and the Washington State Department of Ecology (Ecology). In response to
that request, an ERA Project Plan (WHC-SD-EN-AP-046) was drafted on January 9, 1991,
by Westinghouse Hanford Company (WHC). Seven initial work tasks were identified in the
ERA Project Plan, the goal of which was to minimize or stabilize the spread of carbon
tetrachloride vapors from the unsaturated soils (vadose zone) beneath the Z Plant disposal
sites by intercepting much of that material before it enters the groundwater.

This Test Report describes the soil venting demonstration test performed under Task 7,
"Vacuum Extraction Test", of the ERA Project Plan. The venting tests were performed at
the 216-Z-1A Tile Field in the 200 West Area (Figure 1-1).

The procedures that were originally specified for this venting test were described in the
WHC document entitled "Test Plan: 216-Z-IA Tile Field Soil Venting Characterization,
WHC-SD-EN-TP-003, February 25, 1991. During the course of the field testing a limited
number of changes to the Test Plan were required based on unforseen conditions. Those
deviations from the original Test Plan are described in this Test Report as well as in
Engineering Change Notices.

This report is organized as follows:

* 1.0 INTRODUCTION

* 2.0 TEST OBJECTIVES AND TEST SCOPE

* 3.0 TEST PROCEDURES

* 4.0 TEST RESULTS

* 5.0 DESIGN DESCRIPTION FOR FULL-SCALE VES

* 6.0 SUMMARY AND RECOMMENDATIONS

* 7.0 REFERENCES

* APPENDIX A CALCULATION PROCEDURES FOR NET SOIL
VACUUM DETERMINATION

* APPENDIX B SOIL VENTING TEST ANALYSIS AND VENTING
SYSTEM DESIGN EVALUATION

* APPENDIX C CHRONOLOGICAL FIELD LOG

soilventrl Page 1
F2-12



DOE/RL-91-32
Draft B-

Figure 1-1
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2.0 TEST OBJECTIVES AND TEST SCOPE

The objectives of the Task 7 vapor extraction test were to obtain the following information:

(1) Approximate vertical and lateral distribution of volatile organic compounds (VOCs)
in soil strata under and near the tile field to confirm whether VOCs have accumulated
in the strata.

(2) Soil permeability and venting radius of influence in strata for aiding in the design of
a full-scale VES.

(3) Trends in concentration, volumes, and types of components that are vented under
conditions likely to be used in operating a full-scale VES.

(4) Concentrations of particulate radionuclides that might be entrained by the vented soil
gas during operation of a full-scale VES.

(5) Other data for designing and permitting a full-scale VES for installation by September
7, 1991.

This information is likely to have applicability to vapor extraction at other CC14 disposal
cribs in the 200 West Area if the soil stratigraphy is shown to be consistent across the area
and if the nature of the wastes disposed into the different cribs is similar.

2.1 NATURE OF CONTAMINANTS IN THE VADOSE ZONE

Field activities for Task 7 were concerned with the vadose zone under the 216-Z-1A
Tile Field, where elevated concentrations of contaminants and their breakdown products were
likely to occur. The following historical information in this tile field is based on the ERA
Project Plan (WHC-SD-EN-AD-046) dated January 9, 1991.

2.1.1 Contaminant Sources

The cited historical information indicates that the predominant use of the tile field
was for disposal of process wastewater from Z Plant operations. A plume of contaminants,
probably associated with these discharges, has been identified in the groundwater below the
site. In addition, the vadose (unsaturated) zone above the groundwater table is known as a
result of vapors encountered during drilling to contain elevated concentrations of
contaminants.

The 216-Z-1A Tile Field received overflow process wastewater from 1949 to 1959.
That wastewater did not contain carbon tetrachloride. During that period, the tile field
received about one million liters of wastewater which had a pH of between 8 and 10.

soivctt.fr Page 3
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In 1964, the 216-Z-IA Tile Field was reactivated for receipt of aqueous and organic
wastes from the Plutonium Reclamation Facility in the 236-Z Building and the 242-Z Waste
Treatment and Americium Recovery Building. The high-salt aqueous waste discharged to the
tile field was primarily a concentrated (5M to 6M), acidic (pH - 1.0), sodium nitrate
solution. In addition to the aqueous phase, organic liquids consisting of carbon tetrachloride
(CC14), tributylphosphate (TBP), and dibutylbutylphosphonate (DBBP) occurred in saturation
amounts in the aqueous phase and were also discharged separately in relatively pure batches.
Less than 5% of the volume of high-salt aqueous waste consisted of organic components.
The tile field received approximately 5.2 x 106 liters of liquid waste between June 1964 and
June 1969. The varying amounts of organic material discharged to the tile field in 1967
were estimated to be 80 vol% CCl4/20 vol% TBP at a rate of 4,400 gallons per year (gal/yr),
and 70 vol% CC14/30 vol% DBBP at a rate of 6,600 gal/yr. If the rate of waste discharges
remained constant over the 5-year operating period (1964-1969), the tile field would have
received about 245 to 265 metric tons of CC 4 . The use of the 216-Z-IA Tile Field was
terminated in 1969, and the waste stream was subsequently rerouted to the 216-Z-18 tile
field.

Based on the organic compounds that were known to be discharged to the tile field, it
is possible that the following breakdown products may exist in the vadose zone in significant
concentrations; chloroform, methylene chloride, and butyl alcohol. All of these breakdown
products are regulated toxic air pollutant compounds, .

The chemical processes used to purify plutonium resulted in the production of
actinide-bearing waste liquid. The primary radionuclides discharged to the disposal site in
these liquids were plutonium-239/240 and plutonium decay products, including americium-
241. The 216-Z-IA Tile Field received an estimated 57 kg of plutonium.

Another waste stream disposed in the tile field was fabrication cutting oil (fab oil),
which is a low-volatility animal fat blended with CC14. Fab oil was not included in these
estimates because it was intermittently processed with relatively small volumes involved. In
1967, about 6,000 gallons of fab oil remained in storage to be processed; it was subsequently
routed to 216-Z-1A for disposal. It is unlikely that the fab oil contained significant
concentrations of volatile compounds other than CC1 4 that would be stripped by a soil vapor
extraction system. However, it is possible that the compounds in the fab oil could be
biologically degraded, resulting in significant concentrations of methane gas, which is
explosive when present in sufficient concentrations in the presence of air.

2.1.2 Soil Contamination

In 1979, the highest measured concentrations of plutonium-239/240 (4 x 10' nCi/g)
and americium-241 (2.5 x 10' nCi/g) at the 216-Z-lA Tile Field occurred in sediments
located immediately beneath the tile field. The concentration of actinides in sediments
generally decreased with depth beneath the tile field, with the exception of silt-enriched
horizons and boundary areas between major sedimentary units. The maximum vertical
penetration of actinide contamination (defined by the 1 x 10 nCi/g isopleth) was located

approximately 100 feet below the bottom of the tile field. The estimated lateral extent of
contamination is located within about a 30-foot-wide zone around the tile field.

soilvctfrl Page 4
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Carbon tetrachloride vapors have been detected during drilling at numerous locations
in the 200 West Area. For example, anecdotal reports indicate that CC 4 vapors were
encountered above the Plio-Pleistocene layer ("caliche layer") during drilling of the 216-Z-
1A Tile Field after its retirement in 1969; below the caliche layer during remediation of
wells at the 216-Z-9 Tile Field in 1987; and below the caliche layer during drilling of
Resource Conservation and Recovery Act (RCRA) wells near U and T Tank Farms in 1990.

2.2 COMPOUNDS OF CONCERN

The soil vapor testing was designed to assess the quantities of gaseous and particulate
components in the vadose zone near the 216-Z-1A Tile Field, and to obtain engineering data
for use in designing a full-scale venting system to remove those components. Based on the
historical data presented in the previous section, the compounds of concern are as follows:

* Gaseous carbon tetrachloride and its breakdown products, chloroform and
methylene chloride.

* Gaseous butyl alcohol, which is a breakdown product of TBP and DBBP.

* Particulate radionuclides, including plutonium and americium, which would be
transported on soil particles that may be entrained by the vented gas stream
extracted from the ground during the full-scale soil venting process.
Particulate radionuclides were not expected to be present in vented air during
these tests, because Spectral Gamma Logging tests that were done in the
proposed high-flow venting well 299-W18-171 showed that man-made
radionuclides are restricted to a thin strata located 83 to 86 feet below ground.
The venting well was not perforated at that interval, so particulate
radionuclides were not expected in the vented air.

- 0 Radon gas, which occurs naturally in Hanford soil.

* Methane gas, which is not toxic but is explosive if present at high
concentrations.

* Water vapor, which poses no health risks but would affect the design of the
vented air control systems.

Tritium; iodine-129; technetium-99; and carbon-14 were of lower concern in the
vadose zone soil because their concentrations in groundwater below the site were below
detection limits (source: Hanford Groundwater Data Base) and/or they were not disposed in
the tile field (source: Distribution of Plutonium and Americium Beneath the 216-Z-1A Crib:
A Status Report, RHO-ST-17, 1979).

soilventfri Page 5
F2-16



DOE/RL-91-32
Draft B

2.3 TEST PHASES

Vapor extraction testing was done at the 216-Z-lA Tile Field using existing well
casings (Refer to Figures 3-1 and 3-2 in Chapter 3.0 of this Test Report). Based on our
understanding of the soil stratigraphy under the tile field, four of the existing well casings
were perforated at strategic vertical intervals to provide access to the soil strata that were
most likely to have accumulated volatile compounds. Contaminants may be distributed
unevenly in underlying strata (i.e., higher contaminant concentrations may be present at the
interface of higher permeability soils overlying lower permeability soils).

The VES demonstration test was divided into three general phases with the following
objectives:

* Phase One: Soil Vapor Characterization. Assess the lateral and vertical

CD distribution of soil vapors in selected soil strata under the tile field. Use the
data to assess which of the soil strata contain the highest concentrations of
ventable components.

* Phase Two: Hydraulic Assessment. Collect soil permeability data that can
be used to design the extraction well (and associated air injection) wells, if
required, for a full-scale VES.

* Phase Three: Long-Term Soil Venting Test. Conduct a multi-day venting
test to assess the types of VOCs present, the achievable removal rates, the
venting radius of influence, and long-term soil hydraulic data that will be used
in the future to design the vapor control system for the full-scale VES.

WolMvr Page 6
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3.0 TEST PROCEDURES

This chapter describes the procedures that were used during the venting tests. The deviations
from the original Test Plan are described in the appropriate subsections.

3.1 216-Z-1A TILE FIELD WELLS

The soil venting tests were performed at existing wells within and adjacent to the
216-Z-lA Tile Field (Figure 3-1). Four existing wells were used: 299-W18-87 (W-87);
299-W18-150 (W-150); 299-W18-167 (W-167) and 299-W18-171 (W-171). The vertical
intervals in each of the wells from which vapor was extracted are shown on Figure 3-2 and
are listed in Table 3-1. All of the wells were installed in the early to mid-1970s using cable
tool methods. The casings at W-87 and W-150 were constructed of 6-inch-diameter steel
pipe and two casings at W-167 and W-171 of 8-inch diameter).

None of the well casings were perforated until the start of this test program. The
slots perforated for this test were made in accordance with the Test Plan using an air
actuated star perforator. The Test Plan originally specified perforation of two intervals in
W-159 near the center of the tile field. However, the well casing could not be perforated
because the soil zone outside the steel casing was surrounded by what appeared to be cement
grout. Therefore, W-167 was substituted for W-159. Only the lowermost portion of W-167
was perforated.

The perforated intervals in each well are listed in Table 3-1. The star perforator cuts
a series of small holes in a vertical row as the perforator was moved up the casing using
hydraulic pumps. Each pass of the perforator provided about 1.1 square inches of opening
per linear foot. The 15- and 20-foot-long vertical intervals at W-171 (where the high volume
venting was planned) were perforated with four passes each. Four passes created an open
area equivalent to a 4-inch-diameter 10-slot PVC screen. The perforation was limited to four
passes because it was believed that additional passes would affect the structural strength of
the casing. The vertical intervals in each of the remaining wells were perforated using two
passes of the perforator.

During the venting tests, the perforated intervals to be studied were isolated using
commercially available straddle well packers provided by Aardvark, Incorporated (Aardvark
is a registered trademark). The straddle packers were constructed of butyl rubber clad with
Viton to protect the rubber from carbon tetrachloride degradation. Each of the packer
sections was inflated using bottled nitrogen gas.

The straddle packed sections were vented using 2.5-inch-diameter black steel riser
pipe. Each of the well heads were connected to the VES by a flexible vacuum hose with
cam-lock fittings. The vacuum at each well was monitored during the tests using one
transmitting low-range magnetic gauge for induced vacuum between 0 - 1.0 inch of water;
and one high-range pressure transmitter for measuring vacuums up to 150 inches, water
gauge (in. w.g.).

somnt.frI Page 7
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Figure 3-1
216-Z- 1A Tile Field Well Location Plan
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Figure 3-2
Generalized Subsurface Cross Section A-A'
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Table 3-1 - Well Casing Perforations

C- Soil Vapor Characterization Sample (Phase One Test)

HI- Hydraulic Test No. I (Phase Two)
H2- Hydraulic Test No. 2 (Phase Two)

LT24- Long-Term Vent Test, 24-hr (Phase Three)

LTSO- Long-Term Vent Test, 80-hr (Phase Three)

Page 10
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Well Depth Perforated
in Feet in Feet Number of Perforated

Well from Depth from Perforation Interval Type of

Number Top of Casing Top of Casing Passess Soil Type Test

W18-87 151.6 33 to 38 2 fine SAND C
65 to 70 2 silty SAND HI

125 to 130 2 SILT H2

W18-150 118.9 65 to 70 2 silty SAND HI
85 to 90 2 medium SAND C

113 to 118 2 medium SAND C/112

W18-167 120.0 114 to 119 2 silty SAND C/LT24

W18-171 131.8 20 to 25 2 course SAND C
57 to 77 4 silty SAND C/H1

115 to 130 4 coarse SAND/ C/H2/LT80
SILT

~, I
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3.2 TEST PHASES

The testing consisted of three phases:

0 Phase One (known as the "puffer tests") was designed to assess the vertical
and horizontal distributions of soil vapor concentration. The VES was
operated at its lowest sustainable flowrate (about 50 cfm) and the gas samples
were taken from the inlet piping as quickly as possible, minimizing the
potential "smearing" of the soil vapor that might be caused by excessive
pumping.

* Phase Two (Hydraulic Tests) was designed to assess the permeability of two
strata that were considered likely to have accumulated soil vapor. The well
packers were set at two intervals of W-171 to isolate each of those two strata,
and the packers in the remaining wells were set at the same elevation as the
venting interval in W-171. The VES was operated at about 320 cfm, and the
induced vacuum in the observation wells was recorded. The data reduction
methods that were used to calculate the permeability from the measured data
are presented in Appendix B.

* Phase Three (Long-Term Vent Tests) consisted of a 24-hour vent test at the
lowest interval of W-167 and an 80-hour vent test at the lowest interval of W-
171. Gas samples were collected from the inlet piping at prescribed time
intervals. During the long-term test at W-171 the packers in the adjacent
observation wells (W-87 and W-150) were moved to various vertical intervals,
to measure the vertical profiles of induced vacuum near the venting well.

3.3 VAPOR EXTRACTION SYSTEM

The flow diagram for the VES is shown on Figure 3-3. The VES was fabricated and
installed at the test site by Terra Vac, Incorporated (Terra Vac is a registered trademark).
The VES was designed to vent a maximum of 500 cubic feet per minute (cfm) of soil vapor
at a venting vacuum of 150 in. w.g. Key elements of the VES were as follows:

* Materials of Construction - The VES was constructed of carbon steel vessels
and piping. The piping between the components was 4-inch-diameter steel
pipe. All components of the system were specified to withstand vacuums up to
150 in. w.g. and temperatures up to 150*F. However, during the test, one of
the GAC canisters partially buckled when the vacuum temporarily reached 150
in. w.g. (No leaks were detected after the incident and the test continued
without interruption).

* Inlet Gas Samplina - As later described in Section 3.3, gas sampling ports
were installed at the system inlet to allow for collection of gas samples for off-
site chemical analysis.

soilnrl Page 11
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Figure 3-3
Flow Diagram - Soil Vapor Extraction System
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* Water Droplet Separator - A centrifugal water droplet separator was used to
remove entrained water droplets that would damage the vacuum pumps.

* Particulate Pre-Filter - A paper cartridge prefilter was used to remove
entrained soil particles (which might contain radioactive components) before
they could enter the offgas control devices and for vacuum pump protection.
The filter medium was rated at 99% removal of particles larger than 10
microns.

* Granular Activated Carbon Canisters - Carbon tetrachloride vapors were
removed by passing the vented air through two GAC canisters in series. Each
canister held 1,000 pounds (lbs) of GAC. It was estimated that each GAC
canister could remove about 250 to 400 lbs of carbon tetrachloride.
Continuous VOC monitors between the two canisters were used to indicate
breakthrough of carbon tetrachloride from the first canister. At the end of
testing, the PID readings taken between the canisters read about 17 to 40 part
per million weight (ppm,), which indicated that the first canister was
approaching breakthrough.

* Vacuum Pumo Module - A single 15-horsepower (hp) positive displacement
vacuum pump was used for all phases of testing. The pump speed and
capacity were adjusted by changing pulley sheaves between the electric motor
and the vacuum pump. The pump flowrate was fine-tuned by adjusting a
recirculation bypass valve. The pump was originally specified to operated
over a range of 10 to 500 cfm. However, the actual long-term lower flowrate
limit achieved by the pump was about 50 cfm.

* High Efficiency Particle Filter - A HEPA filter was used to remove particulate
radionuclides that penetrated the prefilter and GAC canisters. The HEPA
filter was manufactured by Flanders Filters, Incorporated (Flanders Filters is a
registered trademark). The filter medium was installed by WHC technicians.

* Electronic Flow Meter - An electronic mass flowmeter, manufactured by
Omega, was used to continuously monitor the vapor flowrate (Omega is a
registered trademark). The flowmeter had a lower flow detection limit of
about 20 cfm.

* Lower Explosive Limit Monitor - A combustible sensor type lower explosive
limit (LEL) monitor was installed at the system inlet to monitor for presence
of potentially explosive concentrations of methane gas, which was originally
expected as a component of the soil vapor. Based on sample data, no methane
was encountered during the testing. The LEL monitor was originally specified
to operate with inlet carbon tetrachloride concentrations up to 10,000 ppm.
However, the LEL sensor eventually malfunctioned after several days of
testing, reportedly because it was not designed for use with chlorinated VOC
concentrations exceeding about 200 ppm. The malfunction did not affect the

oilvmt.frl Page 13
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safety of the test because before the malfunction occurred it was determined
that methane gas concentrations were not significant.

" Continuous VOC Monitors - Two types of continuous VOC monitors were
used: flame ionization detector (FID); and photoionization detector (PID). The
VES was initially constructed using FIDs (Foxboro Model OVA-88; Foxboro
is a registered trademark), with one FID continuously monitoring the system
outlet and a second FID manually switched between the system inlet and
between the two GAC canisters. A single PID (manufactured by SIP,
Incorporated; SIP is a registered trademark) with an 11.7 electronic volt (eV)
lamp was used to supplement the FIDs. The single PID was manifolded and
manually switched between three sampling points; the system inlet, between
the two GAC canisters, and at the stack outlet. The FIDs were never able to
reliably measure carbon tetrachloride in the gas stream and the data collected
by them have not been used in this report. The PID was able to continuously
monitor carbon tetrachloride. However, the PID experienced two recurrent
problems: first, the unit did not function when the system vacuum exceeded
about 90 in, w.g. in the process piping; and second, the unit experienced
significant drift (drifting by about a factor of two during a 12-hour period)
which required it to be re-calibrated frequently. The PID also appeared to be
affected by condensed moisture in the sampling lines, which commonly
occurred during nighttime operation.

* Particulate Radiation Monitoring - Four continuous air monitors (CAMs) for
particulate radionuclides were used. Alpha-CAMs were set up to monitor the
process stream at three points: downstream of the particle prefilter; between
the two GAC canisters; and at the stack. A Beta-CAM was set up to monitor
the stack. In addition, a continuous compliance filter with inlet nozzle was
installed at the stack to provide a final record of the emission rate for
particulate radionuclides.

* Electronic Data Acquisition System - Two separate data acquisition systems
(DASs) were used during the testing. Terra-Vac originally installed a 32-
channel Omega "Smart Chart" strip chart recorder. That recorder was used
during Phase One. It was damaged during installation of some additional
electronic sensors and was discontinued. It was replaced for Phase Two and
Phase Three by a 32-channel Strawberry Tree, Incorporated electronic DAS
(Strawberry Tree is a registered trademark). The DAS was programmed to
automatically download to a portable computer every five minutes and store
the data for future processing. The electronic data were also recorded onto a
line printer.

3.4 GAS SAMPLING AND ANALYSIS METHODS

Figure 3-4 shows a schematic flow diagram for the gas sampling system. The
measurement methods used for each sample train are described below.

silvmet.frI Page 14
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3.4.1 VOC Sampling Using Steel Sampling Bulb

VOCs were sampled directly from the process piping into a 40-milliliter (ml) stainless
steel bulb. Each bulb was preconditioned by the laboratory by filling it with helium and
delivered to the job site. The bulbs were filled with sample gas by pumping at about 10
liters/minute for about 5 minutes. The exact flowrate and sample volume were not critical,
because the residual helium that remained in the bulb after sampling was measured along
with the VOCs to assess the bulb flushing efficiency during sampling.

The VOCs in the gas stream were analyzed by the WHC 222S laboratory using the
following method:

* 150 to 1,000 microliters (ul) of gas was taken from the bulb through a sample
septum using a sampling syringe.

0 The 100 ul air sample was purged into 5 ml of distilled and boiled water.

0 The VOCs in the water were analyzed using gas chromatography. The liquid
VOC concentration was then normalized to the air concentration.

3.4.2 Particulate Sampling

Filter samples were taken at the system inlet and analyzed for particulate
radionuclides. The following sampling steps were performed:

0 Gas samples were taken from the process piping using a sampling nozzle
pointed into the flow stream. The sample flowrate was about 30-50
liters/minute and was measured by a rotameter.

* The particles were collected on a 47-millimeter (mm) Nuclepore filter. The
spent filter was analyzed by the 222S laboratory for the following components:

- Total alpha energy by Method LA-508-051;
- Total beta energy by Method LA-508-101; and
- Total gamma energy by Method LA-548-121.

3.4.3 Water Vapor Concentration

As shown on Figure 3-4, the water vapor concentration was measured by gravimetric
analysis of silica gel desiccant. The silica gel tube was sampled in line with the 47-mm
particle filter described in the previous section. The silica gel sorbent tubes were constructed
of 3/4-inch glass tubing and contained about 5 grams of silica gel. The sorbent tubes were
run at a flowrate of about 10 liters/minute for about 60 minutes.
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F2-27



DOE/RL-91-32
Draft B

3.4.4 Semivolatile Organic Compound by GAC

As shown on Figure 3-4, GAC sorbent tubes were used to collect gas samples for

semivolatile organic samples. The sorbent tubes were constructed of 3/4-inch glass tubing
and contained about 8 grams of GAC. The tubes were sampled at a flowrate of about 5
liters/minute for about 60 minutes. The sample volume was designed to provide a large

sample without risking GAC breakthrough caused by high concentrations of CCl4 .

3.5 Test Schedule

The test schedule that was followed for the vent testing is shown on Figure 3-5. The

actual field testing (first test run of Phase One) began on April 1, 1991. Field testing was
completed on April 20, 1991.
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4.0 TEST RESULTS

This chapter of the report summarizes the results of the venting tests. The limitations of the
data are also discussed, and the significance of the findings relative to the design of a full
scale system is described.

4.1 PHASE ONE - SOIL VAPOR CHARACTERIZATION

The Phase One investigation ("puff tests") was designed to assess the vertical and
lateral distribution of ventable components under and around the tile field. As described in
Section 3.2, the Phase One tests were designed to collect gas samples as quickly as possible
and at the lowest sustainable flowrate (about 50 cfm) to prevent shifting the distributions of
soil gas concentrations in the subsurface. Detailed test procedures are described in the Test
Plan.

Table 4-1 lists the results of the soil vapor analyses. Figure 4-1 shows the CCl4

vapor concentrations at the perforated intervals that were sampled.

Based on inspection of Phase One data, the following conclusions are drawn
regarding the spatial distribution of the contaminants:

0 The CC 4 vapor concentration generally increased with depth below ground
surface. There are two possible explanations for this. First, it is likely that
the CCl4 that was discharged through the tile field has migrated downward
during the past 20 years through the relatively coarse upper sediments until it
reached the less permeable zone of the lower sediments and caliche. The
lower sediments are generally siltier than the upper sediments, and probably
contain a higher concentration of natural organic carbon. The CC 4 would
accumulate in those lower sediments because chlorinated solvents are
preferentially sorbed onto the organic carbon. Second, it is likely that CC14
that accumulated in the shallow sediments would have dissipated during the
past 20 years by volatilization and migration to the ground surface.

* Significant concentrations of CC4 vapors were detected outside the lateral
limit of the tile field. The W-87, which was about 80 feet outside the tile field
discharge piping, exhibited a CC 4 vapor concentration of 19 ppm, in an upper
soil layer. Soil CC 4 has potentially migrated laterally as well as vertically,
and it is possible that the CC 4 concentrations in the deeper sediments outside
the tile field are higher than the value measured at the shallow intervals at W-
87.

* No vapor concentration measurements were attempted at vertical intervals
below the caliche layer underlying the tile field. There are no data available
regarding the integrity of the caliche layer. Although the caliche is expected
to provide a temporary barrier to vertical migration, it is probably

sdvot Page 19
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Table 4-1 - Summary of Phase One Vapor Concentrati6ns

VOC Bulb Particulate Filter
Perforated Carbon Total Total Gamma
Interval Tetrachloride Alpha Beta Cs-137

Well No. (ft) (ppmv) (uCi/m3) (uCi/m3) (pCi/m3)

Field Blanks N.D. N.D. 3.4E-08 N.D.

W18-87 33-38 19 N.D. N.D. N.D.

W18-171 20-25 8 1.7E-06 N.D. N.D.
57-77 79 3.4E-06 7.9E-06 N.D.

W18-150 65-70 6 N.D. N.D. N.D.
85-90 100 N.D. N.D. N.D.

113-118 89 N.D. N.D. N.D.

W18-167 114-119 23 N.D. N.D. N.D.

Approximate Detection Limits: CC14 = 5 ppmv; Total Alpha = 5e-7 uCi/m3;
Total Beta = 6e-6 uCi/m3; Gamma-Cs = 36 pCi/m3; Gamma-Pa = 36 pCi/m3

2n7816S41.1
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Figure 4-1
Measured C C14 Vapor Concentrations (Phase One)
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discontinuous because of erosion channels, fractures, roots (it was a paleosol),
and its non-massive nature. If erosion windows or solution channels exist in
the caliche, then it is possible that either liquid or gaseous CCl 4 could have
migrated through it into the underlying soil layers.

* No methane gas was detected during the Phase One tests at any sample
location, as observed on the continuous readings from the FID and the LEL
monitor.

* As shown in Table 4-1 low concentrations of particulate total alpha and total
beta activity were measured at the 20- to 25- and 57- to 77-foot-depth intervals
of W-171. The concentrations were measured at the inlet of the VES,
upstream of the particulate prefilter and the HEPA filter. As described in
Section 4.2.1, no particulate activity was measured during the long-term vent
tests that were performed at the 115- to 130-foot-depth interval of W-171. No
gamma activity was detected during the Phase One tests.

The VOC bulb sample concentrations measured during Phase One are lower than
expected based on comparison with the Phase Three results. It was expected that the Phase
One concentrations would represent the maximum achievable values for the soil vapor at the
well because the CC14 should have equilibrated between the liquid and vapor phases long
before the start of the testing. However, the initial Phase Three concentrations measured
during the long-term vent tests were always higher than the Phase One results at the same
well. It is therefore concluded that either the Phase One results are incorrectly low or the
Phase Three results are incorrectly high. It is more likely that the Phase One results are in
error. The Phase One VOC bulbs were held by the laboratory for 4 days before they were
analyzed, as compared to only a one-day holding time for the Phase Three bulbs. A 24- to
48-hour holding time limit is typically used in private industry for bulk gas samples. It is
possible that some degradation of the CC14 in the sample bulbs could have occurred during
the longer Phase One holding time.

4.2 PHASE TWO - HYDRAULIC TEST RESULTS

This section describes the methodology and estimates for permeability of the
underlying soils at the tile field. Soil venting test data, venting drawdown plots, and
mathematical formulations are presented in Appendix B.

4.2.1 Middle Interval Hydraulic Test

The first test run was performed by venting the middle interval of W-171, which was
perforated in slightly silty, fine to medium SAND (Figure 3-2). The vacuum drawdown data
collected at W-87 during that test run were well behaved, and allowed the use of published
data analysis methods to assess the air permeability. However, the vacuum response at W-
150 during the first test run was inadequate to allow an estimate of the permeability.

soilvct.frl Page 22
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The middle interval vent test at W-171 was conducted for approximately 4 hours,
venting at predetermined step flowrates between 55 and 374 cfm at 60 to 88 in. w.g.. The
soil permeability of the middle interval is estimated to range between 2.0 and 5.7 darcies (2
x 10' to 5.6 x 10 cm2). The estimated conductivity is 1.3 x 10 4 to 3.7 x 10 cm/sec.
These estimates of soil permeability and conductivity are in agreement with published
permeability data for comparable soils (Freeze and Cherry, 1979).

Soil permeabilities were estimated using the procedure outlined by Johnson et al.
(1990). Input parameters for the method described are the vacuum flow rate at the venting
well and the transient pressure distribution data in an adjoining observation well(s). The
procedure requires plotting the vacuum "gauge" pressure observed in an observation well
against the log of time (ln(t)). The resulting semi-log plot should exhibit a characteristic
straight-line segment upon reaching a "pseudo" steady-state condition. The slope of the
straight-line segment on the semi-log plot is used to estimate the soil permeability.

4.2.2 Deep Interval Hydraulic Test

The second Phase Two test run was performed by venting W-171 at its deepest
interval, which spanned the interface between medium to coarse SAND and sandy SILT. No
significant vacuum response was measured in either W-87 or W-150 during the second test
run, so no estimates of the permeability of the deepest interval could be made based on the
Phase Two results. It appears that the Phase Two vent test at the deepest interval was
adversely affected by the diurnal barometric pressure effect that was later quantified during
the Phase Three tests. During the Phase Two test it was noted that CC14 vapors were
flowing out of the W-171 casing and were presumably originating from the middle perforated
interval that was open to the soil and atmosphere. The diurnal barometric pressure change
apparently caused an increase in the soil pressure that offset the induced vacuum caused by
the vent test. As described in Section 4.3.1, similar effects were later noted in all of the
observation wells during the Phase Three testing.

4.3 PHASE THREE - LONG-TERM VENT TEST

The Phase Three testing was designed to assess the "steady state" flowrates, induced
vacuums, and soil vapor concentrations that would occur under conditions that are likely to
exist during operation of a full-scale venting system. The Test Plan specified running one
long-term test for about a 5-day duration at W-171. However, PID readings taken at the
VES inlet during Phase One appeared to indicate that significant CC 4 concentrations existed
in the lower soil strata at locations both under the tile field (W-150 and W-167) and outside
the tile field (W-171). Therefore, the Test Plan was modified to include two long-term
venting tests: a 24-hour test at W-167; and an 80-hour test at the lowest interval of W-171.

Figure 3-5 shows the test schedule for the Phase Three testing. Appendix C gives
the operating log for the testing. The Phase Three tests began with the 24-hour test at W-
167 and then continued with the 80-hour test at W-171.
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4.3.1 80-Hour Test at W-171

The 80-hour vent test at W-171 was performed in the lowermost perforated interval,
which was 15 feet long at a depth of 115 to 130 feet below ground surface. The perforated
interval spanned the interface between overlying coarse-grained sands and the underlying silt
zone. The total test duration at W-171 was 80 hours. Figure 3-5 shows the test schedule.
The vent test began at 20:33 hours on Thursday, April 16, 1991. For the first 36 hours of
the test the well packers at each of the observation wells (W-87, W-150, and W-167) were
set at their lowermost perforated intervals (shown on Figure 3-2). After about 36 hours of
venting, the well packer on W-150 was moved to the intermediate perforated interval to test
the soil's vertical conductivity. The packer at W-87 was damaged as it was moved to the
middle interval, so no vacuum data were taken at W-87 for the time period between 36 to 63
hours duration. During that period W-87 was sealed. During the last part of the test (about
63 to 80 elapsed hours) the well packer on W-87 was repaired and inflated at the middle
interval and the well packer at W-150 was moved to its uppermost interval. As shown on
Figure 3-2 the elevations of those intervals at W-87 and W-150 were similar.

Table 4-2 summarizes the results of the chemical analyses performed on vented air
samples taken during the Phase Three vent testing. The measurements taken during the
testing are displayed on Figure 4-2 through Figure 4-12. Observations and conclusions based
on inspection of the test data are described below.

Ouality of Data from Electronic vs. Manual Gauges - The electronic vacuum gauge readings
and the periodic manual gauge readings for observation wells W-87, W-150, and W-167 are
shown on Figures 4-2, 4-3, and 4-4, respectively. The electronic and manual data for W-87
match closely until about hour 36 of the test run, at which time the electronic sensor failed.
The electronic and manual data for W-150 compare favorably. The electronic gauges on W-
167 indicated significantly lower values than the manual gauges for those readings below
about 0.1 in. w.g. The electronic sensor stopped working at W-167 at about 58 hours into
the test. Based on these findings, it is recommended that the vacuum gauges to be used for
the full-scale VES be of a different type than the ones used for the vent test.

Flowrate and Venting Well Vacuum vs, Time - Figure 4-5 shows the flowrate and well
vacuum at W-171 during the test. The flowrate during the test was fairly constant at about
300 to 310 cfm, and the well vacuum was fairly steady at about 35 to 40 in. w.g. The Test
Plan originally specified that the long-term venting flow should be about 500 cfm. However,
the well vacuum in the venting well (and hence the venting flowrate) had to be limited
because the PID became unstable at pipeline vacuums exceeding about 40 in. w.g., which
corresponded to a system flowrate of about 400 cfm.

Gauge Vacuums at Observation Wells - Figure 4-6 shows the diurnal fluctuations in
barometric pressure (taken from the DAS) and the vacuum gauge readings measured at the
observation wells. Note that the gauges on the well heads read the differential vacuum
between the soil and the atmosphere, so the gauge readings must be adjusted to accotint for
routine fluctuations in the barometric pressure. Inspection of the gauge vacuums
demonstrates the following:
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Table 4-2 Vented Air Concentrations During Long-Term Vent Tests

Approximate Detection Limits: CC14 = 5 ppmv; Total
Gamma-Cs = 36 pCi/m3; Gamma-Pa = 36 pCi/m3
29781643.wkl

Alpha = Se-7 uCi/m3; Total Beta = 6e-6 uCi/m3

Page 25
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VOC Bulb Particulate Filter

Elapsed Carbon Total Total Gamma Gamma Water

Venting Time Tetrachloride Alpha Beta Cs-137 Pa-233 Vapor

Well No. (Hours) (ppmv) (uCi/m3 ) (uCi/m3) (pCi/m3) (pCi/m3) (percent)

W1S-167 0:00 (Blank) N.D. N.D. N.D. N.D. N.D.

1:00 117 0.23

3:45 238 0.20

8:30 231 0.17

12:45 256 0.07

23:00 (Dupl) 135/180 7.2E-07 N.D. N.D. 990 0.20

W18-171 0:00 (Blank) N.D. N.D. N.D. N.D. N.D.

0.44 195 0.22

5:00 420
8:30 375 0.40

12:30 525 0.30

18:40 489 0.20

24:00 711 N.D. N.D. N.D. N.D. 0.17

30:00 570 0.32

34:00 (Dupl) 485/701 N.D. N.D. N.D. 630 0.11

43:20 701 0.15
49:30 495 0.24

55:00 645 0.45

63:00 630 0.37

67:00 915 0.12

71:30 735 . 0.25

79:00 585 N.D. N.D. N.D. N.D. 0.11
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FIG 4-4 W-1 6:7
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FIGURE 4-5 FLOWRATE AND VACUUM
W-171, LONG-TERM TEST
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FIG. 4-6 VACUUM & BAROMETRIC EFFECT
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FIG 4-7
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FIG 4-9 VACUUM RELATIVE TO W-1 67
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0 The diurnal barometric pressure swing during the vent test was about 1.5 in.
w.g. The barometric pressure increased sharply for about 10 hours before the
start of the test, and continued to increase until about 20 hours into the test.

* The wellhead gauge readings exhibited a diurnal cycle and fluctuated by at
least 1.0 in. w.g. The wellhead fluctuation was roughly synchronized with the
barometric fluctuations, with the maximum barometric pressure roughly
correlated with the minimum wellhead gauge vacuum. However, there was a
lag time of about 2 hours between the peak barometric pressure and the
minimum gauge vacuum.

* It appears that the diurnal soil gas pressure fluctuation, coupled with the
atmospheric/soil lag time, was strong enough to cause the soil pressure to
exceed the barometric pressure for a few hours per day. At those times soil
gas that contained CC4 vapor would flow out of the observation wells.

0 0 The wellhead vacuum gauges were calibrated to zero values several hours
before the start of the 80-hour test. Apparent natural diurnal variations in soil
pressure caused the gauge vacuum at W-87 and W-150 to increase significantly
even before the venting pumps were started.

Adjusted Absolute Soil Pressure - The wellhead vacuum gauges were differential gauges
referenced to the atmosphere, so the gauge vacuum readings recorded during the vent test
must be adjusted to account for barometric pressure to assess the true influence of the
venting. Note that the absolute pressure at any one well at any point in time is not
significant with regards to soil venting: what is important is the relative pressure between
different wells, which governs the flow of air through the soil. Figure 4-7 shows the
fluctuations in the adjusted absolute soil pressure measured at the observation wells during
the test. Figure 4-7a shows the absolute pressure trends for the first 10 hours of the test,
during which time the overall effect caused by the mechanical venting reached stable
conditions. The absolute pressure in all of the wells was governed mainly by fluctuations in
the barometric pressure. However, Figure 4-7a shows that the venting quickly reduced the
absolute pressure in W-150 to values that were consistently lower than they were in either
W-87 or W-167. The stronger response in W-150 compared to W-87 was not anticipated,
because W-150 is farther from the venting well than was W-87 (60 feet vs 30 feet,
respectively). The stronger response at W-150 probably occurred because W-150 was
perforated in the fine SAND horizon while W-87 was perforated in the sandy SILT horizon.

Estimation of Overall Induced Vacuums - The fact that the diurnal soil pressure fluctuation
was nearly equal to the response caused by the mechanical venting necessitated the use of
statistical analysis to assess the overall induced vacuum at each observation well. Appendix
A describes the statistical analysis and provides sample calculations to demonstrate the
method. Briefly, the overall induced vacuum caused by the mechanical venting is separated
from the barometric effect by plotting the net variation in the absolute soil pressure vs. the
net variation in the barometric pressure, for the time period after the mechanical influence
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has stabilized. Figures 4-8a, 4-8b, and 4-8c show such plots for W-87, W-150, and W-167,
respectively. As described in Appendix A the net induced vacuum is represented by the Y-

intercept of the linear regression line through the data, and the barometric efficiency of the
observation well is represented by the slope of the linear regression line. Inspection of the
figures shows the following estimates for the overall induced vacuum and the barometric well
efficiency at each well:

Average Barometric
Induced Vacuum Efficiency

Well (in. w, .J in Percent

W-87 0.175 98
W-150 0.905 134
W-167 -0.04 88

Based on this statistical analysis it appears that W-167, which was about 220 feet from the
venting W-171, was not affected by the venting. The radius of influence during venting W-
171 at the 320 cfm flowrate appeared to be between 70 feet and 220 feet.

Use of W-167 as a Reference Well - Considering that W-167 was apparently not influenced
by the mechanical venting, the vent test data were adjusted to use W-167 as a "reference
well" to separate the diurnal barometric effect from the mechanical venting effect. The
adjusted relative vacuums at W-87 and W-150 were calculated by subtracting the measured
response at W-167. The result is shown on Figure 4-9. The relative vacuum shown on that
figure should ideally represent the induced vacuum caused only by the mechanical venting.
In actuality, W-167 was constructed differently than W-87 and W-150, and W-167 displayed
a different lag time than the other wells. Therefore, the use of W-167 as a reference well is
useful more for estimating trends rather than for detailed analysis. It is concluded from
Figure 4-9 that the net induced vacuums at W-87 and W-150 were about 0.1 to 0.2 and about
0.6 to 0.7 in. w.g., respectively. Those estimated values for the induced vacuum are similar
to the values that were calculated based on the statistical analysis described in the previous
section. The limited response at W-87 compared to W-150 was probably caused by W-87
being perforated in a less permeable soil horizon than was W-150.

Vertical Influence of Induced Vacuum - The induced vacuums in the observation wells were
found to change based on the elevation of the observation well interval relative to the venting
well interval. The measured data are shown on Figure 4-10 and in Table 4-3. Figure 4-10
shows the response at W-87 and W-150 relative to the "reference well" W-167. The induced
vacuums at both observation wells decreased when the packers at those wells were moved to
perforated intervals at higher elevations than the venting interval at W-171. This indicates
that a full-scale VES that relied on wells perforated in the deepest intervals would be only
marginally effective for venting the middle and upper elevations of the tile field. For
example, as shown on Figure 3-2 there is a fine sandy SILT layer, which might accumulate
CC14 , at about elevation 590 in the center of the tile field and about 40 to 50 feet higher than
the lowermost SILT layer where W-171 was perforated. Based on the data for W-150 shown
in Table 4-3 the induced vacuum at the top of the lowermost SILT layer was about 0.7 in.
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J-2978-16

Table 4-3
Summary of Vertical Induced Vacuum Measurements
Well 171 Long-Term Vent Test

Observation Maximum
Observation Elev above Induced

Well Elapsed Perforated Well 171 Vacuum
Number Hours Interval in Feet in in. w.g.

W-87 0 -36 Lower 0 0.2-0.4
63-80 Middle 60 0.15

W-150 0-36 Lower 0 0.7
In 36 -61 Middle 25 0.35

61 -80 Upper 55 0.15

2S7816C4.Wk1
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w.g., but the induced vacuum in the medium SAND 55 feet above the venting interval was
only about 0.15 in. w.g.

Carbon Tetrachloride in Vented Soil Gas - Figure 4-11 shows the concentrations of carbon
tetrachloride that were measured during the 80-hour vent test at W-03171. Table 4-2 lists
the concentrations that were measured at each sampling interval. Inspection of the data
indicates the following:

* Comparisons of quality control samples (one field blank and one duplicate)
taken during the testing showed that the sampling and analysis for VOCs was
acceptable for engineering design purposes. As shown in Table 4-2, no carbon
tetrachloride was detected in the field blank VOC bulb. The duplicate VOC
bulb samples taken after 34 hours of venting showed CC 4 concentrations of
485 ppm, and 701 ppm,, which corresponds to a precision of about 18%
deviation from the mean of those duplicate values or a 36% bound.

* As shown on Figure 4-11, the concentration of CC 4 in the vented air was
about 200 ppm at the start of test, and gradually increased to about 600 to 700
ppm after 30 hours of venting. The concentration appeared to stabilize at 600
to 700 ppm for the remainder of the test, although a concentration of 915 ppm
was measured at 67 hours duration. The temporary concentration increase at
that time may have been the result of normal variation in the measurements.

* Although no formal laboratory results were received in time for this report,
verbal reports from the laboratory indicate that the concentration of CC14 was
much higher than any other compounds that were tentatively identified in the
gas samples from W-171. Verbal reports from the laboratory indicated that
trace quantities of 2-Butanone and Chloroform may have been present in the
soil gas.

Carbon Tetrachloride Removal during W-171 Vent Test - As shown on Figure 4-12 an
estimated 300 lbs of CCl4 was removed during the 80-hour test. The removal rate was
estimated by numerically integrating between the electronic flowrate data that was
continuously recorded and the periodic VOC bulb sample results.

Performance of PID - As shown on Figure 4-11 the PID did not always reliably indicate the
concentration of CC14 during the test. The PID experienced unacceptable drift during the
periods of time between the daily span gas calibrations. The instability of the PID was
probably caused by water vapor condensation inside the PID sampling head. The PID
showed some limited reliability at night. If a PID is used for continuous monitoring for the
full-scale VES, then it must be located at a spot where the gas stream is warm and dry.

Radionuclides Concentrations - As shown in Table 4-2, low concentrations of particulate
radionuclides (total alpha and K-40) were detected during venting of W-171. The
radionuclide samples were taken at the VES inlet upstream of the particulate prefilter and
HEPA filter. Total alpha and gamma activity identified as K-40 was detected in a single
sample after 34 hours of venting. However, no activity was detected either before that time
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(24 hours elapsed time) or at the end of the test (79 hours elapsed time). It is not known
whether the indicated activity was a sampling artifact or whether detectable concentrations
did indeed temporarily occur in the vented air stream.

Accumulation of Radon Gas in GAC Canisters - Spectral gamma energy logging of the
outside walls of the GAC canisters showed that the GAC had collected radon gas, and that
the radon was decaying to form gamma-emitting decay products. The data report is given in
WHC Internal Memo 81232-91-020 dated April 29, 1991. The conclusions of the
measurements are as follows:

b. Bismuth-214 (Bi-214) and Lead-214 (Pb-214), both of which have short half
lives, were detected. It was concluded that the GAC had collected Radon-222
(Rn-222) gas, which decayed to Bi-214 and Pb-214.

Rn-222 gas can be generated by either naturally occurring Uranium (U-238) or
from uranium waste. The measurements described here could not distinguish
which was the source of the Rn-222.

b. No man-made gamma emitters were detected in the GAC, which implies that
no uranium or thorium was present.

The downstream GAC canister was found to emit higher gamma counts than did the
upstream canister (2,500 counts per minute vs. 3,800 counts per minute), which implied that
the downstream danister contained more radon. This result makes sense according to
common GAC chemistry. The radon that was initially captured by the first GAC column
would have been gradually displaced by the CC 4 vapors, which have a greater affinity for
GAC adsorption than does radon gas. The displaced radon would migrate from the upstream
canister and then be re-captured by the downstream canister.

Water Vapor Concentrations - As shown in Table 4-2 the water vapor concentration during
venting of W-171 was in the range of 0.11 to 0.45% by volume. That value was lower than
was expected. A water vapor concentration of about one percent was anticipated based on
the assumption of saturated equilibrium between the pore water and pore air at an assumed
50*F soil temperature. In general the highest concentrations were measured during the
afternoon and the lowest values were measured at night (however, there were deviations from
this trend). Significant water vapor condensation in the venting hoses and the gas sample
lines was observed during the cool nighttime hours. The condensed water evaporated during
the warm daytime periods. Based on these results, it is recommended that the full-scale VES
be equipped with efficient water vapor removal systems.

4.3.2 24-Hour Test at W-167

The 24-hour vent test at W-167 started on April 15, 1991, at 17:22 hours. W-167
was perforated at only one interval, between depths of 114 and 119 feet below ground
surface. The perforated interval spanned the interface between overlying fine sand and
underlying silt. The well packers in the observation wells were set at the lowest intervals
during the venting at W-167.
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Table 4-2 summarizes the results of the chemical analyses performed on vented air
samples taken during the vent testing. The measurements taken during the testing are
displayed on Figure 4-13 through Figure 4-20. Observations and conclusions based on
inspection of the test data are described below.

Ouality of Electronic/Manual Vacuum Gauge Readings - The readings from the manual and
electronic vacuum gauges are compared on Figure 4-13 through Figure 4-15. The
conclusions based on comparing the readings are as follows:

* The vacuum gauge readings at W-87 were inconsistent, and the vacuum data
from that well have not been used in the data analysis. The electronic data
displayed a strong bias. The manual readings were inconclusive.

* The manual and electronic readings from W-150 compared favorably.

* The manual and electronic readings from W-167 compared favorably.

Flowrate and Well Vacuum vs, Time - Figure 4-16 shows the flowrate and well vacuum at
W-167 during the test, as measured by the electronic DAS. The flowrate during the test was
fairly constant at about 50 to 60 cfm and the well vacuum was fairly steady at about 90 in.
w.g. The venting vacuum at W-167 was higher than it was at W-171, because W-167 was
perforated in a less permeable soil and because it used a shorter perforated interval.

Gauge Vacuum at Observation Wells - Figure 4-17 shows the gauge vacuums measured at
the observation wells during the venting at W-167. Note that the gauge vacuums are
differential pressures between the soil and the atmosphere, and that the barometric pressure
must be accounted for when interpreting the data (see the next section for the barometric
pressure adjustments). Inspection of the gauge vacuums demonstrates the following:

* Both observation wells displayed a strong diurnal variation that corresponded
to the fluctuation in barometric pressure. The gauge vacuum decreased to
below detection for two periods during the test, and it is possible that during
those periods the soil pressure was actually higher than the barometric
pressure.

* Venting at W-167 produced a stronger response at W-171 than at W-150, even
though W-150 was considerably closer to the venting well (about 150 ft for W-
150 vs. 220 ft for W-171). This result conflicts with the results of the 80-hour
vent test at W-171, during which there was no significant response at W-167.

Adjusted Absolute Soil Pressure - It appears that the venting at W-167 had only a minor
effect on the soil pressure at the observation wells W-150 and W-171. The trends in the
absolute soil pressure (barometric pressure minus differential gauge vacuum) are shown on
Figure 4-18. The venting at W-167 caused a slight pressure reduction (about 0.2 to 0.3 in.
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FIG 4-14
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FIG 4-15 W-1 71 ELECTR/MANUAL GAUGES
WELL 167,24-HR TEST

cli

UEX;

0* ELY

ci E

0

C,)w
I
0z

w

z

C

U

1 4

m

U
U.

El

Li

I2
mu

10

rn
:0

-h 
to

25
ELAPSED TIME, HOURS

r

1-

0
0
n

fr~
0

~rQ
CD

00

0.1

U

MANUAL

ELECTRONIC

0

El
cl

0.01
I 5



)$ K)'

FIGURE 4-16 VENTING FLOWRATENACUUM
WELL 167,24-HR TEST
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FIGURE 4-
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17 OBSERVED WELL
WELL 167, 24-HR TEST
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FIGURE 4-18 RELATIVE SOIL PRESSURES
24-HR TEST AT W-1 67
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FIGURE 4-19
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w.g.) in W-171 during the time from about 8 to 14 hours duration. After 14 hours the
increase in barometric pressure overcame the net effect at W-171. There was no significant
response at W-150 during any part of the test, and all pressure fluctuations in that well were
caused by the barometric effect. The better response at W-171 compared to W-150
probably occurred because W-171 was perforated partly in a permeable sand, while W-150
was perforated mainly in relatively impermeable silt. The vacuum response during venting
of W-167 differ from the responses observed during the venting at W-171: venting of W-171
at a vacuum of about 35 in. w.g. produced no response at W-167, but venting of W-167 at
about 90 in. w.g. produced a slight response at W-171. The slightly different results during
the two tests are probably caused by the higher venting vacuum that was used when venting
W-167. Venting W-167 at a strong vacuum but low flowrate produced a wider radius of
influence that did venting of W-171 at a low vacuum but high flowrate.

Carbon Tetrachloride in Vented Soil Gas - Figure 4-19 shows the concentrations of carbon
tetrachloride that were measured during the 24-hour vent test at W-167. Table 4-2 lists the
concentrations that were measured at each time interval. Inspection of the data demonstrates
the following:

0 Comparison of field blank and duplicate quality control sample data taken
during the testing showed that the sampling and analysis for VOCs were
acceptable for engineering design purposes. As shown in Table 4-2, no carbon
tetrachloride was detected in the field blank VOC bulb. The duplicate VOC
bulb samples taken after 23 hours of venting showed CC 4 concentrations of
180 ppm, and 135 ppm,, which corresponds to a precision of about 14%
deviation from the mean.

* As shown on Figure 4-19 the concentrations of CC14 in the vented air, as
measured by direct sampling using the VOC Bulbs, remained fairly constant at
about 150 ppm, to 200 ppmv during most of the test. The concentration

-~ decreased to about 130 ppm, during the last sample at 23.5 hours duration, but
it is not clear if that decrease was the result of a downward trend or whether it
simply reflects routine variation in the data.

* Although the official laboratory data were not received in time for this report,
verbal reports from the laboratory indicate that carbon tetrachloride was the
only VOC measured in significant concentrations during venting of W-167.
Verbal reports from the laboratory indicated that trace quantities of 2-Butanone
and Chloroform may have been present in the soil gas.

Performance of PID - As shown on Figure 4-19 the PID did not consistently indicate the
concentration of CC14 during the test. The PID operated relatively well during evening
hours (shown on Figure 4-19 as being test durations of 0 to 5 hours and 15 to 24 hours),
during which period it indicated a constant ratio of about 50% the measured CC4
concentration. However, during early morning hours the PID experienced difficulties,
possibly because of problems with water vapor condensation inside the PID sampling lines.
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Carbon Tetrachloride Removal during W-167 Vent Test - As shown on Figure 4-20 an
estimated 8 lbs of CCl4 was removed during the 24-hour test. The removal rate was
calculated by numerically integrating between the electronically measured flowrate and the
periodically collected VOC bulb samples.

Radionuclide Concentrations - As shown in Table 4-2 detectable concentrations of particulate
total alpha activity and gamma activity were measured after about 23 hours of venting. The
samples were taken at the VES inlet, upstream of any particulate filters and the HEPA filter.
The gamma activity was identified as K-40. As described in Section 4.3.1 of this report,
spectral gamma logging of the outside wall of the GAC canisters indicated that the GAC had
collected radon gas during the combined testing. It is not known how much of the radon in
the GAC was contributed by the venting at W-167 as compared to the venting at W-171.

Water Vapor Concentrations - As shown in Table 4-2 the water vapor concentration at the
VES inlet ranged from 0.07 to 0.23% by volume. This range was lower than expected. It
was anticipated that the water vapor concentration would be about one percent based on the
assumption that the soil gas vented from the subsurface would be saturated with water vapor
at a 50*F temperature. The lowest water vapor concentration was observed at dawn and the
highest concentrations were observed in the afternoon, so it is concluded that the water vapor
concentrations measured at the VES inlet were affected by moisture condensation in the 200-
foot-long above-ground flexible hose leading to the W-167 venting well.
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5.0 DESIGN DESCRIPTION FOR FULL-SCALE
VES FOR TILE FIELD AT Z PLANT

A design description of a system to extract carbon tetrachloride vapor from the tile fields
near the Z Plant is recommended based on the results of the testing of the Vapor Extraction
System pilot unit. This chapter compares several design alternatives, their advantages and
disadvantages, and their relative costs. Additionally, the recommended design alternative is
discussed in terms of expected performance, components, and other considerations.

5.1 SCOPE OF DESIGN DESCRIPTION

The following design description applies to the vadose zone underlying the 216-Z-1A
Tile Field near the Z Plant. By assuming a similar stratigraphic sequence, the design
description may also apply to the other associated cribs such as 216-Z-9 and 216-Z-18. The
recommended alternative is based on several factors including state and federal air release
limits, readily available technology and equipment, and the performance parameters
established by the pilot testing. The discussion is limited to a description of the system, a
mass flow diagram, a piping and instrumentation diagram, the expected effectiveness of the
system, and a presentation of some of the specific system components and other
considerations.

The intent of the design description is not to provide a detailed design with selected
components, but rather it is to aid in the selection of a general system from which more
specific design features can be established.

5.2 REGULATIONS AFFECTING DESIGN

The design of the emission control system used for the VES is governed mainly by air
quality regulations under Ecology jurisdiction. It is understood that the VES will be licensed
under the status of the federal Comprehesive Environmental Response, Compensation and
Liability Act (CERCLA) and the Washington Model Toxics Control Act (MTCA) rather than
under the federal Resource Conservation and Recovery Act (RCRA). RCRA mandates its
own strict performance standards for emission control systems based on Best Available
Technology, while MTCA and CERCLA defer to state environmental regulations that set
emission limits based on satisfying ambient concentration limits. Under either MTCA or
CERCLA the VES must satisfy the following air quality regulations:

* Chapter 402-80 of the Washington Administrative Code (WAC), "Monitoring
and Enforcement of Emission Standards for Radionuclides".

* National Emission Standards for Hazardous Air Pollutants (NESHAP), 40
CFR Part 61 Subpart H, "Emission Standards of Radionuclide Emissions from
DOE Facilities".
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* Chapter 173-460 WAC, "Controls for New Sources of Toxic Air Pollutants".
This regulation sets property line limits for toxic air pollutants: 0.067
micrograms per cubic meter for CCl4 ; and 23.3 micrograms per cubic meter
for HCl. It also requires the installation of a negotiable "Best Available
Control Technology" for each pollutant.

Note that under MTCA and CERCLA it is not necessary to obtain the formal permits
described under these regulations, but that the VES must be designed to satisfy all of the
numerical limits associated with the regulations.

5.3 DESIGN ALTERNATIVES FOR SUBSURFACE VENTING SYSTEM

It is recommended that a multi-well venting system be used at each of the tile fields using the
existing steel casings perforated at the top of the silt layer about 120 feet below ground
surface. Use of multiple wells will provide flexibility during the venting by allowing any of
the wells to be either throttled down or shut off, depending on the VOC concentrations in
that well relative to the others.

The effectiveness of alternative venting configuarations were assessed by using the
MODFLOW computer model (McDonald and Harbaugh, 1988) to predict the venting
flowrate that would be required to produce a predetermined induced vacuum within the tile
field. Appendix B presents the methods and results.

Three venting configuration alternatives were compared for the full scale system:

* 3 Wells: 1.0 in. w.g Vacuum - As shown on Figure 5-1, three wells would be
perforated for a 20-foot interval and used to produce an induced vacuum of at
least 1.0 in. w.g. within the lower soil layer at all points within the tile field.
The minimum induced vacuum of 1.0 in. w.g. is based on discussions with
soil venting vendors, who indicate that such a minimum value is often used at
routine sites such as service stations. An estimated 1,120 cfm per well (3,360
cfm total) would be required. Based on the computer modeling, one pore
volume would be vented every 4.5 hours.

* 3 Wells: 0.2 in, w.a. Vacuum - As shown on Figure 5-2, three wells would
be used to produce at least 0.2 in. w.g vacuum at all points withing the lower
soil layer. The estimated total flowrate is 320 cfm per well (960 cfm total).
The 0.2 inch vacuum would vent one pore volume every 16 hours.

* 1 Well: 0.2 in. w.j Vacuum - As shown on Figure 5-3, a single well placed
near the center of the tile field would be used to produce at least 0.2 in. w.g
vacuum at all points within the lower soil layer. The modeled flowrate is 640
cfm, and one pore volume of air would be vented every 32 hours.

It is recommended that three wells be used, and vented to produce at least 0.2 in. w.g. of
vacuum at the outer edge of the tile field. The 0.2 in. w.g vacuum is expected to produce a
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Figure 5-1

Three Venting Well Scenario
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Figure 5-2
Three Venting Well Scenario
1.0 in.W.g. at the Edge of the Tile Field
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Figure 5-3
One Venting Well Scenario
0.2 in.w.g. at the Edge of the Tile Field
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net venting flow throughout the lower soil layers and is expected to be strong enough to
counteract the diurnal barometric pressure effect.

The modeled total flowrate that would be required to achieve the induced vacuum is 960
cfm. It is recommended that a 50% safety factor be incorporated in the design flowrate.
Hence, it is recommended that the VES be designed to vent and treat a total flowrate of 1.46
x 960 cfm or about 1,400 cfm.

5.4 DESIGN ALTERNATIVES FOR VAPOR CONTROL SYSTEM

This section presents five alternatives for the design. The alternatives are based on
the findings of the pilot testing, information on readily available technology and equipment,
and the present understanding of the regulations affecting the design. The assumptions
affecting the design are shown in Table 5-1.

The first two design alternatives discussed utilize different methodologies for
removing the carbon tetrachloride from the soil gas. The first alternative uses GAC to
remove the carbon tetrachloride. The second alternative uses Catalytic Oxidation (CATOX)
to remove the carbon tetrachloride. The third design alternative presents the same CATOX
alternative with the addition of acid scrubbing. The fourth alternative presents a small-scale,
less complex system that uses GAC for treatment. The final design alternative addresses
mobility of the system and how the system connects to the wells. Table 5-2 lists some of the
relative advantages and disadvantages of the alternatives.

An order-of-magnitude estimate of costs of the equipment and the first year operation
of the system for the first two design alternatives is presented in Table 5-3. The cost
estimate does not include labor costs or non-operational costs such as sampling and analysis.

5.4.1 System Utilizing GAC for Off-Gas Treatment

The first design alternative is similar in concept and design of the system employed
in the pilot test. As was demonstrated during pilot testing, using GAC to adsorb the carbon
tetrachloride from the soil gas worked well. This design alternative utilizes all essential parts
of the pilot system and incorporates changes which enhance the operation of the system under
the parameters established during the testing (see Figure 5-4).

Three significant design changes were made for this alternative relative to the test
unit. These are (1) the addition of a roughing filter at the inlet to the system, (2) the
addition of a chiller/condenser, and (3) the placement of the HEPA filters on the vacuum
side of the system.

The roughing filter is placed as the first component downstream of the wells to
remove the gross particulate contamination entrained by the soil gas flow. This helps
prevent an accumulation of solids in the condenser collection tank which is more difficult to
clean or dispose than is the roughing filter.
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TABLE 5-1

ASSUMPTIONS AFFECTING DESIGN DESCRIPTION

Assumptions Common to the Design Alternatives

* The zone of influence of the venting system includes all subsurface areas subjected to
0.2-in. w.g. water vacuum or higher.

* A flowrate of 1,400 cfm of soil gas will be maintained.

* The soil gas temperature is about 50*F

* The soil gas is atmospheric air in composition, but contains a maximum of about 750
ppm, carbon tetrachloride. No other significant concentrations of VOCs are present.

* The daily removal rate of carbon tetrachloride from the subsurface is about 580 lbs.

* Potentially explosive gases, such as methane, will not be encountered at
concentrations exceeding 10% of the Lower Explosive Limit (LEL).

* No tritium will be encountered.

* All of the radon extracted from the subsurface in the soil gas may be emitted from
the system without treatment.

* A system vacuum of not greater than 150 in. w.g. will be required.

* Condensed water collected by the system will be removed on a routine basis and
disposed of at Tank Farms or other appropriate locations.

* Continuous operation of the system is not required. However, it is assumed for
costing purposes that the unit will operate 24 hours per day for 360 days the first
year.

* The thermal efficiencies of both the heater and the chiller are 25%.

* The cost of electricity is $0.06/kWh.

* The soil gas contains 0.45% water vapor, which yields about 50 gallons per day if
the system is 100% efficient in removing water from the soil gas.
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TABLE 5-1 (continued)

ASSUMPTIONS AFFECTING DESIGN DESCRIPTION

* The effluent stack is 30 feet tall.

* The chiller will lower the soil gas temperature from 50*F to 40'F.

* The heater will raise the soil gas flow temperature from 40'F to 500 F.

Assumptions Specific to the GAC Unit

* Adsorption of carbon tetrachloride on the GAC is 40% by weight.

0 Four 8-foot-diameter by 8-foot-tall carbon canister capable of withstanding 150 in.
w.g. vacuum as possibly required by the system.

0 The cost for carbon to be delivered and taken offsite for regeneration is $1.50 per
pound.

Assumptions Specific to the CATOX Unit

* All of the chlorine molecules from the carbon tetrachloride are converted to
hydrochloric acid during the oxidation process.

0 At a concentration of 750 ppmn of carbon tetrachloride in the soil gas, about 2,500
ppmv HCl will be produced as a byproduct of the catalytic oxidation. (One pound of
carbon tetrachloride entering the system produces about one pound of hydrochloric
acid.)

* Use of CATOX with no HC1 scrubbing will be negotiated as Best Available Control
Technology.

* The effluent temperature from the CATOX unit is 350* F.

* The thermal efficiency of the heat exchanger is 50%.

* The CATOX unit has rated heat input of 371,000 Btu/hr.

* The cost of Liquid Propane Gas is $0.85 per gallon.

* The life of a catalyst is three years; replacement costs $36,000.
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TABLE 5-1 (continued)

ASSUMPTIONS AFFECTING DESIGN DESCRIPTION

Assumptions Specific to the CATOX Unit with Acid Scrubbing

* A spray dryer dewaters the sodium chloride solution to 50% by weight.

* The 50% sodium chloride solution may be disposed without further treatment.

* The efficiency of the specialty carbon is 10% by weight for the adsorption of
hydrochloric acid.

* The bulk density of the specialty carbon is 36 lbs per cubic foot.

* The cost of the specialty carbon is $2.25 per pound.
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TABLE 5-2

ADVANTAGES & DISADVANTAGES OF DESIGN ALTERNATIVES

ADVANTAGES

GAC

- GAC treatment proven effective in pilot testing and
industry.

- GAC supplies ar readily available.

- High-efficiency system as long as canisters are not
near breakthrough.

- Relatively simple design and implementation.

CATOX

- No generation of secondary waste to be shipped
offsite or treated; Carbon tet is destroyed at time of
removal from subsurface.

- Less expensive than GAC

- Confirmation record of carbon tet destruction is
temperature of catalyst and other carbon tet
monitoring is not required.

- Real time monitoring via catalyst temperature
monitoring allows instantaneous shutdown of system
if temperature decreases.

Small-Scale System

- Less complicates design and operation than larger
systems.

- Lower expense system and less labor intensive.

- Units may be placed with no limitation on geographic
separation.

DISADVANTAGES

- Requires transportation of hazardous waste and
generation of hazardous waste manifests.

- Potential off-site liability at carbon regenerator's
facility.

- Expensive in comparison with CATOX.

- Frequent sampling of GAC effluent; non-real time
monitoring creates potential for unknown
breakthrough.

- Frequent changing of GAC canisters

- Radiation readings on GAC canisters may require
holding zone to allow levels to decay. Would require
additional monitoring and handling.

CATOX

- Generation of HCI as byproduct of catalytic
oxidation.

- Safety issues concerning high temperature and LPG.

Small-Scale System

- Small volume flowrate and small vacuum result in
small area of influence.

- Low extraction rates result in low volumes of carbon
tet removed.

_________________________________________________________________________________________ 1.
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TABLE 5-3
ESTIMATED COSTS

This table provides an order-of-magnitude cost comparison of design alternatives utilizing GAC and
CATOX for removal of carbon tetrachloride from the soil gas for one year assuming static operating
conditions. Costs do not include licensing and approvals, piping to the tile fields, installation, labor
costs, nor non-operational costs such as sampling.

Items Common to Both Systems

Components

Trailers; Roughing Filter; Chiller;
Demister & Knockout; Heater; Prefilter
with Dual HEPA Filters; Blower; Stack;
Instrumentation & Sampling Equipment $262,000

Annual Electrical Usage

15 hp Blower $6,000
20 kW Chiller $10,000
20 kW Heater $10,000

Total of Items Common to Both Systems $288,000

GAC System

Four 8-foot-tall by 8-foot-diameter carbon
canisters to withstand 150 in. w.g. vacuum $110,000

Carbon usage @ $1.50/lb $812,000

GAC Component Total $922,000

GAC System Total (including common items) $1,210,000

CATOX System

Catalytic Oxidation Unit $150,000
Catalyst depreciation (Avg. life 3 years) $12,000
Cost of liquid propane gas (LPG) $34,000
Electrical usage for 5 hp blower on CATOX $2,000

CATOX Comoonent Total $198,000

CATOX System Total (including common items) $486,000
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The function of the chiller is to lower the temperature of the soil gas to below the dewpoint.
This significantly improves the efficiency of the water knockout and demister in reducing the moisture
of the soil gas. The removal of the moisture is important for the proper functioning of the HEPA
filters, GAC canisters, and instrumentation, and for preventing damage to the blower in the event
excessive water is encountered. (The excessive water could be a source of large drops of water
which could impact the impeller on the blower, damaging the bearings.)

The placement of the HEPA filters immediately downstream of the moisture removal and drying
components is helpful for two reasons. First, the HEPA filters are in the flowpath to the GAC
canisters, which should aid in the removing the particulate radionuclide contamination so that it does
contaminate the GAC canisters with particulate radioactivity. Second, if a leak develops at the HEPA
filters, it would be a suction leak and would be less likely to spread contamination.

As shown in Table 5-3, the estimated cost of the base extraction unit and electricity to operate
for one year is in the range of $288,000. The cost for four canisters to hold the carbon is in the
range of $110,000. The cost of carbon for one year is in the range of $812,000. The total cost of
the system for purchase and operation for one year, not including labor or sampling, is in the range
of $1,210,000.

5.4.2 System Utilizing CATOX for Off-Gas Treatment

The second design alternative utilizes CATOX instead of GAC to remove the carbon
tetrachloride from the soil gas (see Figure 5-5).

This alternative employs only the essential elements of the test unit. The significant design
changes between this system and the test unit are the GAC canisters are replaced by a CATOX unit.
The CATOX unit is located downstream of the vacuum pump because of the need to push the soil gas
through the unit rather than pulling it through under vacuum.

Catalytic oxidation is a technology that is used throughout industry to combust volatile organic
compounds. The CATOX functions by employing a bed of active material (catalyst) that facilitates
the overall combustion reaction. The catalyst increases the reaction rate and requires a lower
temperature for conversion than is possible in a strictly thermal oxidation unit. However, it is still
necessary to heat the soil gas as it enters the CATOX unit. Liquid propane gas (LPG) is normally
used as fuel to preheat the soil gas. This preheated soil gas passes over the catalyst bed and the
resulting chemical reaction takes place at the catalyst surface.

The products of the combustion of soil gas containing carbon tetrachloride are water, nitrogen,
oxygen, carbon dioxide, and HCl. The mass of HCI produced is roughly equivalent to the mass of
carbon tetrachloride entering the CATOX. For the operational parameters of the system, the 580
pounds per day of carbon tetrachloride pulled from the
subsurface in the soil gases is produces about 580 pounds per day of HCI.
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It is assumed that Ecology will designate the CATOX unit without an HCI scrubber as Best
Available Control Technology because of the difficulty with operating a wet scrubber at
Hanford. The uncontrolled HCl emissions will not cause exceedences of any existing or
proposed ambient air quality limits for toxic air pollutants. The CATOX unit proposed in
this alternative uses LPG to produce the temperature necessary for combustion of the carbon
tetrachloride. Table 5-2 lists several advantages and disadvantages of this alternative relative
to the GAC alternative.

As shown in Table 5-3, the estimated cost of the base extraction unit and electricity to
operate for one year is in the range of $290,000. The cost of the CATOX unit and the one-
year depreciation on the catalyst is in the range of $162,000. The cost of liquid propane gas
(LPG) for one year of operation is in the range of $34,000. The total cost of the CATOX
system for purchase and operation for one year is $486,000.

5.4.3 System Utilizing CATOX with Acid Scrubbing

The third design alternative incorporates the CATOX system from the previous
alternative with acid scrubbing to remove HCI from the effluent. This system would be
utilized only if Ecology rules that HC1 scrubbing is required to satisfy BACT. Two types of
scrubbing are considered for this alternative and these are discussed along with generalized
estimates of the secondary wastes produced as a result of the scrubbing operation.

The most common alternative for acid scrubbing is placing a packed column
downstream of the CATOX unit and flushing a dilute sodium carbonate solution
countercurrent to the vapor flow. The hydrochloric acid in the vapor flow is stripped and
neutralized by the sodium carbonate solution to form dilute sodium chloride (salt). The
vapor-phase continues through the packed column to the stack where it is discharged. In
most industrial applications, the dilute sodium chloride wastewater is simply disposed of to a
sanitary sewer. However, there is no sanitary sewer at the tile fields, so the wastewater
would have to be processed on site. Therefore, for this alternative, the slurry-phase passes
through to a containment vessel where it is stored for later dewatering to 50% by weight by
a spray dryer and subsequent burial. Based on an assumption that 580 lbs per day of HCI
coming out of the CATOX unit is converted by the sodium carbonate solution to sodium
chloride and water, 1,860 lbs per day of 50% by weight salt cake is produced.

Another alternative for acid scrubbing is the use of a specially treated granular activated
carbon designed for the removal of acids from airstreams. Such a carbon is placed in a
canister downstream of the CATOX unit. The effluent from the CATOX unit passes through
the carbon and then to the stack where it is discharged. Based on the assumption that 580
lbs per day of hydrochloric acid coming out of the CATOX unit is adsorbed by the carbon
and the carbon has a bulk density of 36 lbs per cubic foot and an efficiency of 10% by
weight, 5,800 lbs per day of spent carbon is produced. This specialty carbon may not be
regenerated and so must be disposed when spent.
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5.4.4 Small-Scale System

A small-scale system is presented as a contrast to the previously discussed alternatives.
This system is less complicated in design and operation than is either of the two large
systems (see Figure 5-6).

The small-scale system employs a different approach to the removal of carbon
tetrachloride from the soil plume. Whereas the large systems operate at relatively high
flowrates and affect areas as far as several hundred feet away, the small-scale system utilizes
natural venting of the wells to affect the area immediately adjacent to each well.

The difference in approach addresses the goal in removing carbon tetrachloride. The
large systems discussed are expected to operate on several wells simultaneously and to
remove several tons per year of carbon tetrachloride from the soil. In contrast, the small-
scale system is expected to remove considerably less than that for each well where a system
is placed, but at a smaller capital investment per system.

The small-scale system is individually sized and designed for placement at each well
where carbon tetrachloride is encountered, allowing easy set-up, short response time, and
avoiding piping runs from the well to the system. Though the system is expected to remove
the carbon tetrachloride adequately from immediately around a well over time, the rate and
area of influence are very limiting factors.

The advantages and disadvantages of the small-scale system are discussed further in
Table 5-2. Costing for the system is not provided because pilot testing has not been
performed to establish operational parameters.

5.4.5 System Mobility

The final design alternative addresses the mobility of the system and the means by
which the system connects to the wells.

Due to the potential need to operate the system in different location over time, the
mobility of the system should be considered. The required mobility of the system can be
satisfied through at least two approaches. One approach uses a fully transportable system
with all components trailer-mounted. Disconnection and reconnection is easily made so that
movement of the system from one tile field to the next is readily achievable. However, this
system may require radiation releases, safety clearances, and possibly new air discharge
permits each time it is moved. The other approach uses a fixed system with the soil gas
transported through longer pipelines to the system. Such an approach could possibly be used
to operate the system from one location while extracting soil gas from the three tile fields.

Either option requires that the system be connected by piping to the wells. The
recommended option for this connection is the use of flexible hose laid on the ground
between the well to the system. The pilot test employed this approach, which is easy and
inexpensive. This option eliminates the need to excavate piping trenches into potentially
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FIGURE 5-6 SMALL-SCALE SYSTEM

From Well

zj ) I I

Prefilter and

Dual HEPA Filter

GAC

Cannister
Stack

a
0am

-S ~
0

r*I
tD

6)
N)

D

-1



DOE/RL-91-32
Draft B

contaminated soil. However, it has the major disadvantage that water vapor condenses in the
lines and accumulates at low spots. Therefore, the flexible hose should be heated to
minimize condensation in the lines.

5.5 RECOMMENDED ALTERNATIVE

Based on projected system performance, relative costs, and inherent advantages, the
recommended alternative for the overall system is the CATOX alternative using a three-well
configuration. The system is designed to be trailer-mounted and transportable for future use
in other areas. The recommended piping connections between the wells and the vacuum-
removal system is above-ground flexible hose, which should be heated to minimize moisture
condensation.

A Piping and Instrumentation Diagram (P&ID) of the recommended vapor removal
system is shown on Figure 5-7. The projected system performance and specific components
are described in the following sections.

5.6 PROJECTED SYSTEM PERFORMANCE

Based on the results of the pilot testing, the characteristics of the selected CATOX
vapor removal system, the selected well configuration and the extraction flowrate, several
projected system performance parameters have been derived (see Figure 5-8). These
parameters are as follows:

0 The system has a zone of influence encompassing the entire Z-1-A Tile Field with
at least 0.2 in. w.g. of vacuum;

* The system will operate at a flow of 1,400 cfm of soil gas. This flow incorporates
a 1.46 safety factor of the design flow of 960 cfm;

* The system is expected to collect about 50 gallons of water per day (- 18,000
gal/yr.);

* The system effluent will have a flow of 2,300 actual cubic feet per minute (acfm)
at 350*F with 5 ppm, carbon tetrachloride and 2,500 ppm, HCl; and,

* Assuming a similar stratigraphic sequence, the system is expected to perform
comparably at the other associated cribs such as 216-Z-9 and 216-Z-18.

Emissions from the CATOX unit will satisfy the upcoming Ecology ambient air quality
limits for toxic air pollutants. The EPA-approved SCREEN computer model (EPA, 1988)
was used to assess the worst-case ambient impacts at the nearest property line (assumed to be
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FIGURE 5-7 PIPING AND INSTRUMENTA TION DIA GRAM
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FIGURE 5-8 MASS FLOW DIA GRAM
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6.5 miles away). As shown
allowable limits:

below, the calculated worst-case impacts are well below the

POLLUTANT AVERAGING PROPERTY ALLOWABLE
TIME LINE LIMIT (pg/m3)

IMPACTS
(gg/mn)

Carbon Annual 0.028 0.067
Tetrachioride I I

Hydrochloric 24-hour 13.5 23.3
Acid

5.7 SPECIFIC COMPONENTS OF RECOMMENDED ALTERNATIVE

This system discusses specific components of the recommended alternative and provides
some items to be considered in subsequent design tasks of the system.

5.7.1 Piping Connection to Wells

Above-ground flexible hose is recommended rather than rigid underground piping. For most
industrial applications rigid piping would be installed in trenches, and sloped toward
condensate tanks to control moisture that condenses between the wells and the VES.
However, excavation of piping trenches at Hanford is not practical because of concerns with
potentially contaminated soil. Therefore, flexible above-ground hose is recommended.

The flexible hose should be double-contained using a commercially available flexible
containment system, to ensure that no leakage of potentially contaminated condensate
occurred in the event of a hose breakage.

Moisture condensation in the flexible hoses is of concern, because the condensation would
accumulate in uncontollable low spots in the flexible lines. Therefore, it is recommended
that the hoses be heated to above the dewpoint temperature to prevent moisture condensation.
Commercially available heated flexible hose should be used for the full scale system, rather
than the unheated hose that was used for the venting tests.

5.7.2 Filtration

The roughing filter at the inlet to the system provides initial filtration to keep sediment-
from building up in the catch tanks of the chiller and the water knockout. The roughing
filter media is constructed of fiberglass to resist degradation by the moisture-laden soil gas.

The prefilter immediately preceding the HEPA filters is rated at 99% efficient for 10-
micron particles, which helps keep the HEPA filters from loading too quickly. The two

wavet r Page 76
F2-88



DOE/RL-91-32
Draft B

HEPA filters are configured in series and function to remove particulate radioactive
contamination.

5.7.3 Catalytic Oxidation (CATOX)

The catalytic oxidation unit is a vendor-supplied unit designed to operate at 1,400 cfm
flowrate and effectively reduce the carbon tetrachloride in the soil gas from 750 ppm, to 5
ppm, by operating at 99.3% efficiency. The unit achieves oxidation of carbon tetrachloride
at the surface of the noble metal bed catalyst specially designed to oxidize chlorinated
organics. The operating life of the bed is expected to be three years at which time the bed is
replaced. The unit achieves the required oxidation at 600*F to 840'F. The heat is supplied
to the unit at 371,000 Btu/hr through combustion of LPG. Air heating requirements are
reduced by employing a shell and tube heat exchanger with a 50% heat recovery efficiency.

The compliance parameter of the soil gas effluent is temperature measured in the
CATOX unit. Temperature is an accepted compliance parameter in industry because the
burner temperature is the critical factor controlling high-efficiency destruction of the carbon
tetrachloride.

5.7.4 Extraction System Blower

The 30 hp blower is capable of continuous duty at 1,400 cfm and 60 in. w.g. vacuum at
the well heads. Automatic system shutdown is achieved with the data acquisition system
which can turn the blower off. The flowrate and vacuum created by the blower are
monitored by manual gauges and also by transmitting gauges connecting to the data
acquisition system.

5.7.5 Instrumentation, Sampling, and Data Acquisition System

The instrumentation and analysis of samples provide information on operational
parameters. The data acquisition system uses transmitting devices to store operational
information and operates certain components of the system based on that information.

The instrumentation and sampling is quite different from that employed in the pilot
testing unit, both in specific instruments and in approach. The pilot testing unit requires
extensive data acquisition to establish operational parameters whereas the recommended
alternative vapor extraction system requires mostly confirmation that conformance to key
operating ranges and limits is achieved.

The instruments included on the pilot testing unit which are not included on the
recommended alternative vapor extraction system include the LEL meter, the FIDs, the PID,
and the inlet continuous air monitor (CAM). It has been established that the compliance
CAM and the recording CAM, both located downstream of the HEPA filters, adequately
measure and document the radiologic content of the soil gas flow and, therefore, the inlet
CAM is unnecessary. The PID and the FIDs that were used on the pilot testing system are
not required for the full-scale system because monitoring of the CATOX temperature
provides a constant indication of the efficiency of the unit and subsequently the stack VOC

sofmentfr Page 77
F2-89



DOE/RL-91-32
Draft B

emissions. It was also determined during the testing that an LEL meter was not necessary
due to the absence of explosive gases in the soil gas. The functions of the PID, FIDs, and
LEL meter will be met by an on-line automatic ranging, calibrating, and sampling gas
chromatograph. To provide further confirmation that the operational parameters are within
the required limits, intermittent sampling for laboratory analyses can be conducted.

A separate gas sampling system utilizing one vacuum pump for both instrumentation and
sampling operates in place of the several vacuum lines and pumps on the pilot testing unit.
This vacuum system is manifolded together and the sampling ports and gas chromatograph
are located within a sampling hood which is also under the system vacuum.

The DAS includes a computer which downloads to a disk and input/output boards
hardwired to devices throughout the vapor extraction unit and wells. It has the capability of
storing operational information from the transmitting gauges. It controls the operation
information from the transmitting gauges. It also controls the operation of the chiller and
heater. The DAS will shut down the process if a high level is detected in any of the water
collection tanks, if the flow or pressure exceed their ranges, if the recording CAM exceeds
its limit, or if the temperature of the CATOX unit falls too low. The data acquisition system
may be monitored via remote telemetry and the event of a system shutdown can be
telephoned automatically to a cognizant individual.

Several gauges are placed throughout the system to monitor the operation. All
transmitting pressure, temperature, and flow gauges have accompanying manual gauges. The
liquid-level switches have accompanying sight glasses. The operating wells and the
observation wells each have a plugged port for intermittent use for reading a liquid-filled
manometer.

5.7.6 Electrical

Electrical services are required for the main blower, sampling system vacuum pump,
CATOX auxiliary blower, chiller, heater, CAMs, gas chromatograph, data acquisition
computer, lighting, and auxiliary outlets. The system is hard-wired with a single electrical
connection to an electrical panel and transformer. The electrical distribution to the data
acquisition computer is conditioned to reduce signal noise and surges. The system should be
capable of operating from either a generator or a power line.

5.7.7 Other Considerations

Materials of Construction

Due to the potentially corrosive nature of the air streams flowing through the system,
consideration should be made for the materials of construction of all the vapor-contacting
components.

The extracted soil gas vapor contains 750 ppm, carbon tetrachloride and about 0.5%
water vapor. The process piping collection tanks and the seals on all the valves and flanges
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The 350*F temperature and the HCl produced as a result of the oxidation process of the
carbon tetrachloride creates a corrosive environment immediately downstream of the catalyst.
Materials of construction appropriate to this environment should be used. In particular, the
effluent stack materials should be carefully chosen.

Separate Trailers

The vapor removal system should be housed in at least three separate trailers to reduce
the potential for spreading radioactive contamination (more specifically, to restrict the
amount of equipment that potentially could become contaminated). The components
extending from the roughing filter through the final HEPA filter should be in the first trailer.
The sampling hood, data acquisition system, and a work space should be in a second trailer.
The blower should be mounted on the second trailer, but outside the housing due to the noise
and the potential for piping leaks on the positive-pressure side. The CATOX unit should be
mounted on the third trailer and the stack directly connected to it. The connections between
the modular units should be appropriate for enabling the transportation of the entire system.
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6.0 SUMMARY AND RECOMMENDATIONS

This chapter presents a summary of the findings of the vent test and recommends
configuration for the full-scale VES.

6.1 SUMMARY OF TEST FINDJNGS

This section summarizes the results of each of the three test phases.

6.1.1 Phase One Tests

The Phase One Testing was designed to assess the vertical and lateral distribution of
VOCs under the tile field. The results were as follows:

* CC 4 vapor concentrations up to 100 ppm, were measured. The concentrations
were generally highest at the lower sample locations about 100 to 150 feet
below ground surface.

* Significant CC14 vapor concentrations (up to 79 ppm,) were measured outside

the limit of the tile field, indicating that the vapors (and possibly the liquid
waste) migrated laterally as well as downward.

* Low concentrations of alpha and beta activity were detected at the upper two
intervals at W-171 at the edge of the tile field. However, no alpha or beta
activity was detected during the long term venting at the lowest interval of that
well.

6.1.2 Phase Two Tests

The Phase Two tests were designed to assess the lateral permeability of the soil, for
use in the design of a full-scale VES. The results of the hydraulic venting tests performed at
the middle interval of W-171 at depths of about 57 to 77 feet below ground surface in a silty
SAND layer, showed a measured permeability ranging from 2 to 7 darcies. Those values are
representative of silty sand, a typical soil known to exist under the tile field.

The hydraulic vent test at the lowest interval of W-171 was not successful. After the
test was complete it was determined that the induced vacuum that should have resulted from
the mechanical venting was probably overridden by the naturally occurring diurnal
fluctuations in barometric pressure. Those barometric fluctuations have been shown to
produce significant pressure variations in the subsurface at Hanford, sometimes to the extent
of causing CCl4 -contaminated air to be naturally vented out of groundwater monitoring wells
that are open to the atmosphere.
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6.1.3 Long-Term Tests

Two long-term venting tests were performed: a 24-hour test in which the lower
interval of W-167 was vented at about 55 cfm; and an 80-hour test in which the lower zone
of W-171 was vented at about 320 cfm. The results are summarized below:

* The vacuums at all of the observation wells were found to be significntly
affected by the natural variations in barometric pressure.

* Statistical analysis was used to assess the vacuum caused by the soil venting as
compared to the barometric pressure swings. The venting at W-171 caused an
apparent induced vacuum of 0.90 in. w.g. at W-150, about 70 feet away.
During the same test the response at W-87 (about 30 feet from the venting
well) was only about 0.175 in. w.g. The statistical analysis indicated that
there was no net response at W-167 about 220 feet from the venting well.

* The observed diurnal effect will have only a slight effect on the efficiency of a
full-scale VES. The induced vacuum in the soil will be highest when the
diurnal cycle is low, and the induced vacuum will be lowest when the diurnal
cycle is high. The full-scale VES should be designed to acheive a reasonable
induced vacuum within the entire tile field when the diurnal effect is at a mid-
range.

* The limited response at W-87 compared to W-150 during the venting at W-171
was probably caused by the perforated interval at W-87 being in a less
permeable soil than was the perforated interval at W-150.

* The induced vacuum, based on the raw data (Figure 4-9), at each of the
observation wells was related to the elevation of the observation well
perforated interval relative to the venting well interval. During the venting at
W-171 the induced vacuum at W-150 decreased from 0.70 in. w.g. down to
0.40 in. w.g. when the well packer was moved from the lower-most perforated
interval to the intermediate interval. The induced vacuum at W-150 similarly
decreased from 0.40 in. w.g. down to 0.15 in. w.g. when the packer was
raised from the lower-most perforated interval to the upper-most perforated
interval. The intermediate and upper-most perforated interval in W-150 are 25
and 55 feet, respectively, above the lower-most perforated interval.

* The CC 4 concentration in the vented gas from W-167 remained fairly
constant at about 200 ppm, (plus or minus about 40%) during the 24-hour test.
This suggests that the soil at the center of the tile field may contain a
significant reservoir of CC4 .

* The CC 4 concentration in the vented gas from W-171, on the edge of the tile
field, increased gradually over the first 60 hours of the test to a maximum of
about 900 ppm, (plus or minus about 40%). The vapor concentration then
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stabilized or even decreased slightly during the last part of the test. This
pattern suggests that W-171 was drawing contaminated soil vapor from the
interior parts of the tile field.

* An estimated 8 lbs of CC 4 were removed from W-167 during the 24-hour
vent test at that well, based on the average 55 cfm flowrate. An estimated 300
lbs of CCl4 were removed from W-171 during the 80-hour vent test, based on
the average 320 cfm flowrate.

* Spectral gamma energy logging of the outside walls of the GAC canisters
showed that the GAC had collected radon gas and that the radon was decaying
to form gamma-emitting decay products.

6.2 RECOMMENDED FULL-SCALE VAPOR EXTRACTION SYSTEM

6.2.1 Limitations of Extrapolating from Vent Test Data

Care must be exercised when extrapolating from the vent test data to design a full-
scale VES. Before the start of the vent test it was documented that the sediments under the

216-Z-1A Tile Field are heterogeneous and vertically stratified. The vent test demonstrated

that the induced vacuum caused by mechanical venting is strongly affected by the soil
stratigraphy and by the natural diurnal cycle of the barometric pressure. The MODFLOW
computer model is generally well suited for predicting hydraulic performance in simple
stratigraphic systems. Modeling demonstrated the stratigraphy at the tile field to be
relatively complex, and as such the model was only able to approximate observed well
vacuums. This indicates that there were one or more non-ideal conditions that were
encountered during the vent test. The following should be considered when using the vent
test data to design the full scale system:

Ouality of Well Construction - It is possible that significant leakage between the steel well

casing and the native sediments could have been occurring during the venting tests. In that
case a significant fraction of leakage air might have been produced, which would have
reduced the radius of influence of the induced vacuum and which would have diluted the
measured CC 4 concentrations. It is recommended that the well casings to be used for the
full-scale system be inspected beforehand to assess whether an annular void space exists
between the casing and the soil. If such an annulus is discovered then the void space above
and below the proposed perforated interval should be grouted to minimize leakage around the
casing.

Integrity of Caliche Layer - No measurements from below the caliche layer were taken
during this test. The caliche probably impedes, but not prevents, downward migration of
contaminants. It is possible that the CC 4 could have migrated downward past the caliche.
Soil venting from wells that penetrate the caliche could possibly produce CC 4 vapor
concentrations higher than those measured during this test.
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Low Permeability Zones and Permeable Channels - The presence of unforseen low
permeability zones and/or permeable channels in the sediments could affect the hydraulic
performance of a full-scale VES. It is not certain that the soil stratigraphy and permeability
of the soil near W-171 is comparable to the properties that would be encountered at other
areas of the 216-Z-1A Tile Field or at the other tile fields in the Z Plant area. The full scale
VES could possibly induce either higher vacuums or lower vacuums than were produced
during this vent test.

6.2.2 Recommended System

The recommended full scale system is designed to vent the entire 216-Z-1A Tile Field to
acheive at least 0.2 in. w.g. of induced vacuum at all points within the lower sediments.
The recommended system consists of the following components:

* The system should consist of trailer-mounted equipment that can be easily
transported to each of the tile fields to be vented and quickly set up for
operation.

C%
* Multiple wells within each of the tile fields should be vented to provide system

flexibility. Above-ground flexible hoses should be used to connect the mobile
VES to the venting wells.

* Based on MODFLOW computer modeling of the site, the vent system should
be sized to remove and treat 1,400 cfm of air. That flowrate would induce an
estimated 0.2 in. w.g. of vacuum across the entire tile field.

4 Based on the observation that the electronic and manual sensors measuring the
vacuum pressures at the wells did not correspond closely at times, it is
recommended that the vacuum gauges used for the full-scale VES be of a
different type than those used for the vent test.

* The VES should be equipped with particle prefilters and HEPA filters to
remove particulate radionuclides.

* The VES should be designed to treat an influent CC 4 concentration of 750
ppm, and reduce the CC 4 to an outlet concentration of about 5 ppm. That
discharge concentration was modeled to acheive compliance with the Ecology
air toxics limits at the property boundary about 6.5 miles away.

* A commercially available catalytic oxidizer is recommended to permanently
destroy the CC 4 . A high efficiency thermal oxidizer would work almost as
well.
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* Monitoring equipment should be designed more specifically for the expected

operating conditions, e.g., the equipment will not degrade in the presence of
CCL4 ; will provide reliable information on system operation under varying
flow characteristics; and will withstand expected relative humidity conditions.

* It is recommended that WHC negotiate with Ecology to define the use of

catalytic oxidation with no HC scrubbing as Best Available Control
Technology for CCl 4 and HCI, both of which are regulated toxic air pollutants.
Ecology might require the use of HC scrubbing for a VES as large as the one
described here. However, the use of an HCi scrubber at Hanford would

produce an unacceptable amount of secondary waste (in the form of sodium
chloride salt cake) that might have to be disposed of as radioactive solid waste.
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APPENDIX A
CALCULATION PROCEDURES FOR NET SOIL VACUUM DETERMINATION

This appendix describes the calculation procedures that were used to assess how much of the
apparent vacuum that was measured during the 80-hour Phase Three vent test was caused by
the mechanical venting and how much was caused by natural diurnal pressure fluctuations.

These calculations were required for the vent test at the 216-Z-lA Tile Field because the
electronic data showed that the diurnal barometric pressure fluctuation correlated strongly to
the apparent effect caused by the mechanical venting.

A.1 DEFINITION OF TERMS

The following terms are used to describe the measured and calculated values:

Gauge Vacuum - The vacuum indicated by the electronic and manual magnehelic vacuum
gauges that were used on the well heads. Those gauges indicated differential vacuum

C between the absolute soil pressure and the absolute barometric pressure.

Absolute Soil Pressure - The measured absolute soil pressure is indicated by:

PSOIL(ABS). = Barometric Pressure - Gauge Vacuum

Note that the absolute soil pressure at any one well and at any point in time is not an
important value with regards to the efficiency of a soil venting system. What is important is
the difference in the absolute pressures between the venting well and the observation wells.
It is the pressure difference that is the driving force for soil venting.

Net Pressure - The net pressure indicated (either net soil pressure or net barometric pressure)
is the absolute pressure measured at any given time minus the initial pressure measured at the
start of the test:

Net Pressure at time t = P(t) - P(O)

Induced Vacuum - The induced vacuum is the vacuum caused by the mechanical venting
system. The induced vacuum is determined by measuring the net soil pressure, then
subtracting the estimated net barometric influence.

A.2 HYPOTHETICAL TEST DATA

A hypothetical data set was prepared for this appendix to demonstrate the calculation
procedures. The data are presented as barometric pressure vs. time and as absolute soil
pressure vs. time. The data set is graphed on Figure A-1 and Figure A-2.

The data set shown on Figure A-1 shows the absolute soil pressure being influenced
by barometric pressure under two different assumptions: the first case where there is 100%
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efficiency between the barometric fluctuation and the soil pressure; and the second case
where there is 50% efficiency. In the first case (100% efficiency) the net barometric
fluctuation is transferred completely to the soil. In the second case (50% efficiency) only
one-half the barometric pressure fluctuation is transferred to the soil pressure.

The data set on Figure A-2 shows the absolute soil pressure being affected by
mechanical soil venting. The upper curve is the barometric fluctuation; the middle curve is
the net soil pressure (with 100% efficiency) with no applied vacuum; and the lower curve
shows the net soil pressure assuming that a mechanical soil venting system causes a 2-inch
vacuum within 6 hours after the vacuum is applied at time zero.

A.3 CALCULATION OF BAROMETRIC EFFICIENCY OF AN OBSERVATION
WELL

The effect that barometric fluctuation has on the observed soil pressure at an
observation well is determined by comparing the net barometric fluctuation (PBARO(t) -
PBARO (0)) and the observed net soil pressure (PSOIL(t) - PSOIL(0)). As shown on Figure
A-3 the net barometric fluctuation at every measurement time interval is plotted on the X-
axis while the net soil pressure is plotted on the Y-axis. The resulting plot should
theoretically form a straight line. The slope of the line should equal the barometric
efficiency of the well.

A.4 CALCULATION OF AVERAGE INDUCED VACUUM

As shown on Figure A-4 the net vacuum is calculated by plotting the net barometric
pressure variation on the X-axis and the net soil pressure on the Y-axis, but only for the time
period after the mechanical venting produces a stable affect. In the hypothetical example the
system stabilized after 6 hours of venting (Figure A-2). As shown on Figure A-4 the plotted
data for the time period after the first 6 hours should produce a straight line. The Y-
intercept represents the average induced vacuum at the observation well.

A.5 AFFECT OF BAROMETRIC LAG TIME

A lag time between the barometric pressure variation and the resultant soil pressure
variation causes a spreading in the plotted data and reduces the least-squares correlation
coefficient, but it does not appear to affect the slope or y-intercept of the resultant
correlation. Therefore the calculation procedures described in the preceding sections can be
used to estimate the barometric efficiency, and the mechanically induced vacuum even if
there is a slight lag time that is small compared to the overall barometric cycle period.

A hypothetical data set with a 3-hour lag time, 100% barometric efficiency and no
induced vacuum is shown on Figure A-5. Figure A-6 shows the correlation between the net
barometric pressure and the net soil pressure. The center line represents the condition where
there is no lag time, in which case the slope of the line is 1.0 (100% efficiency) and the y-
intercept is zero (no induced vacuum).
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The upper and lower lines on Figure A-6 represent the correlation plot for the case
where there is a 3-hour lag time. In this case the upper line represents the time period when
both the barometric pressure and the soil pressure are falling, and the lower line represents
the period when both the barometric and soil pressures are increasing. If a least-squares fit
is made to the combined data then the slope would be unity (100% efficiency) and the y-
intercept would be zero (no induced vacuum). The existence of the two separate correlation
lines demonstrates that a full diurnal cycle must be used to assess the induced vacuum, to
prevent either overestimating or underestimating the y-intercept by improper use of only the
separate rising or falling pressure phases of the cycle.

A.6 INSPECTION OF PHASE THREE VENT TEST DATA

The preceding data analysis method was applied to the Phase Three vent test data for
the 80-hour test venting at W-171. The time period starting 16 hours into the test and ending
36 hours into the test was chosen for the data analysis. Application of the preceding data
analysis methods indicates the following:

* As shown on Figure A-7 it appears that W-87 was only slightly influenced by
the venting. The y-intercept of the linear regression plot is -0.175, indicating
an overall mechanical venting influence of 0.175 in. w.g. vacuum. The slope
of the regression line is 0.980, which indicates that the barometric efficiency
of the W-87 was 98%.

* As shown on Figure A-8 it appears that W-150 was significantly influenced by
the venting. The y-intercept of the linear regression line is -0.905, indicating
an overall induced vacuum of 0.905 in. w.g. during the test. The slope of the
regression line is 1.34, which implies that the barometric efficiency of the well
exceeds 100%. That is not theoretically possible, and the high regression line
slope is probably caused by normal variation in the field data.

* As shown on Figure A-9 it appears that W-167 was not significantly
influenced by the venting. The y-intercept of the regression line is +0.04,
indicating that there was no net average induced vacuum at the observation
well. The slope of the regression line is 0.880, indicating an apparent
barometric efficiency of 88%.
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Figure A-1
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Figure A -2
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Figure A-3

CORRELATION OF PRESSURE VARIATIONS
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Figure A -4
CORRELATION OF PRESSURE VARIATIONS
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Figure A-5
BAROMETRIC EFFECT LAG TIME
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Figure A-6 .
EFFECT OF LAG TIME

PRESSURE VARIATION CORRELATION
5-

4-

3-

2-
1-
0-

-1-
-2-
-3-
-4-

-5

-- NO LAG E 3-HOUR LAG

co
a-
wcc
0
co)

-3 -2 -1 0 1
BARO PRESSURE - P(0)

--... 3-HOUR LAG -..... ...............
NET Y-INT = 0; NET SLOPE =1.0

-
- - - -_-

-N 
- -

--

-~ -P - - - -

-. - -....... - -.. - -. ..... .............................. ......... ..

.... . .. ...NO LAG..............

IY-INT = 0; SLOPE = 1.01

-..- - - - --.. -......I........................I...... ...........-........ I..............

5 --4

a
0

~5
0

to

WI-..

Ga

2 4 5

I



FIG A-7
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APPENDIX B
SOIL VENTING TEST ANALYSIS AND VENTING SYSTEM DESIGN EVALUATION

This appendix presents an analysis of soil and venting test data, and the use of these data to
evaluate alternative soil venting system configurations. Included in this appendix are the
results of two separate soil venting tests conducted at the Hanford 216-Z-1A Tile Field in
April 1991. Two soil horizons were tested to assess the soil's permeability to air. The
resulting soil air permeability estimates and other data regarding site conditions were used to
assess two alternative venting system configuration using the numerical flow model
MODFLOW (McDonald and Harbaugh, 1988).

B.1 ESTIMATION OF SOIL AIR PERMEABILITY BASED ON FIELD DATA

The field data measured during the Phase Two hydraulic tests were used to estimate
the soil air permeability. The following sections describe the analysis methods.

Theoretical Basis for Soil Air Permeability Estimation

Johnson et al. (1990) outlines a procedure to estimate soil air permeability using
pressure transient test data. Input parameters for this method include:

* Volumetric flow rate at the vacuum extraction well;

* Transient pressure distribution data obtained from observation wells;

* In situ air density and viscosity; and

* The thickness of the soil horizon vented.
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In soil venting operations the expected change in the subsurface pressure distribution

with time P'(r,t) is predicted (Johnson et al., 1990) by:

P'= edx (
4m(kp) x (1)

This is a variation on the so called "exponential integral" commonly used in

groundwater pumping test analysis (Freeze and Cherry, 1979).

Where:

= vacuum measured at distance r and time t (g/cm-s2)
m = thickness of the soil horizon vented (cm)
r = radial distance from vapor extraction well (cm)
k = soil permeability to air flow (cm 2)

= viscosity of air (1.8 x 10' g/cm-s)
E = air-filled soil void fraction (dimensionless)
t = time (seconds)
Q = volumetric extraction rate from the venting well (cm3/s)
P. = ambient atmospheric pressure (1 atm = 1.013 x 106 g/cm-s2)

Equation (1) assumes the following:

* Radial laminar flow;
* Single layer, homogeneous and isotropic soil conditions;
* Horizontal and infinite acting soil horizon;
* Confined conditions above and below the soil horizon; and
* Extraction well screen fully penetrates the test horizon.
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When an observation well is relatively close to the pumped well and the test has
continued for some time such that (r~qi/4kP..t) < 0.1, Equation (1) can be approximated by
the Jacob-Cooper approximation:

(2)P'= Q [-0.5772- 2,_ +ln(t)
41cm(k~jp)[ 4kP,)

If all the assumptions inherent in applying Equation (1) are generally met, Equation
(2) predicts that a plot of the change in pressure at a given observation well, at a constant
radius from a venting well, versus the log of elapsed pumping time should be a straight line.
The equation of the best fit straight line with slope A and y-intercept B is:

P'=Aln(t)+B

where:

A= Q
4nm(k/p)

B=A -0.5772- r2P,)]
4kpxj

(3)

(4)

(5)

Equation (4) can be rearranged in terms of soil permeability to yield:

k= QI
4AiTm

(6)

Soil permeability can then be estimated by fitting a straight line to the observed time-
vacuum data and substituting the known values of A, Q, A and m into Equation (6).

Use of the MODFLOW model described in Section B.2 requires that a soil air
hydraulic conductivity value (K) be estimated. Hydraulic conductivity is estimated for air as
follows (Freeze and Cherry, 1979):
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K=p.g (7)

Where:

K. = equivalent air hydraulic conductivity (cm/s)

Pa = density of air (1.204 x 10' g/cm3)
g = acceleration of gravity (980 cM/s2)
k = permeability (cm2)

M = viscosity of air (1.8 x 10' g/cm-s)

Soil Venting Test Data and Results

Middle Soil Layer

The middle layer in the northern portion of the tile field lies between depths of 45 and

90 feet and consists of a slightly silty, fine to medium sand overlying a thin layer of fine
sandy silt.

On April 11, 1991, soil vent testing was conducted on the middle soil layer
underlying the referenced site. The venting test was conducted for approximately 4 hours, at
stepped increasing extraction rates between 50 and 400 cfm at a wellhead vacuum equivalent
of 5 to 45 in. w.g. in venting W-171. Transient pressure distribution data were measured at
W-87. The middle layer soil venting test data used to estimate the air permeability are
shown in Table B-1.

The soil venting extraction rate was increased three times during the 4-hour test.
Figure B-i shows the transient pressure distribution data of W-87 plotted against the log of
elapsed time. A straight line was drawn through the "pseudo" steady state segment of each
constant rate test, and the slopes were determined. Soil permeabilities were estimated using
Equation (6), and the parameters shown in Table B-2. Table B-2 shows a summary of the
estimated soil permeabilities in the middle layer. The soil permeability in the middle soil

layer was estimated to range between 2 x i04r and 5.6 x 10-1 cm2 with calculated air
conductivities of 1.3 x 10A and 3.7 x 10 cm/sec. Freeze and Cherry (1979) indicate that
the permeability of silty sands typically range between 10" and 10' cm2 . These
permeability estimates fall within the range of these published permeability values.

Lower Soil Layer

The lower layer beneath the tile field lies between depths of 90 and 105 feet and
primarily consists of gravelly, medium to coarse sand interbedded with slightly silty, fine to
medium sand; and fine sandy silt.

Long-term soil venting tests were conducted on the lower soil layer between April 15
and 18, 1991. Vacuum flow rates in W-171 ranged between 50 and 400 cfm at 4 to 55 in.
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w.g. Venting tests were performed venting from wells W-167 and W-171 in separate
situations. Observations of the change in pressure were observed in wells W-87, W-150, W-
167, and W-171.

Data from these soil venting tests were plotted on semi-log paper, and although large
amounts of data were generated by these tests, no distinct correlation could be determined on
the effect of venting these wells other than the effect of barometric pressure on the soil
column. Figure B-2 shows the effect of barometric pressure on the middle soil layer in W-
150 when venting from W-171. It was concluded that the same barometric pressure effect is
seen in the lower soil layer, and this barometric effect seriously affected the vent test data
results. A more detailed description on the barometric effect is presented in the main body
of this report.

B.2 VENTING SYSTEM DESIGN EVALUATION

The field data were used along with the groundwater flow model MODFLOW, to
compare two alternative methods for venting the 216-Z-lA Tile Field. The following
sections describe the analysis methods.

Theoretical Basis

The numerical groundwater model MODFLOW (McDonald and Harbaugh, 1988) was
applied to the tile field system to:

* To verify and reproduce the transient pressure distribution observed during the
different venting tests; and

* Design a soil venting system at the Hanford 216-Z-IA Tile Field using the
numerically calibrated groundwater model, MODFLOW.

MODFLOW is a three-dimensional, finite difference groundwater flow model which
can simulate steady-state or transient flow conditions. The three-dimensional movement of
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groundwater of constant density through a porous medium may be described by the partial-

differential equation:-

1 K +($ 8h+ (K -W=sh (8)
ax 8x)ay *8y) 8z 8z) at

where:

K., Kyy, and K. = the values of the hydraulic conductivity along the x, y, and z coordinate

axes, which are assumed to be parallel to the major axes of hydraulic

conductivity (ft/hr),
h = the potentiometric head (ft),
W = the volumetric flux per unit volume and represents sources and/or sinks

of water (ft3/hr),
Ss = the specific storage, and
t = time (hr).

Unfortunately, there is no exact analytical solution for Equation (8) for a generalized

set of boundary conditions, soil and fluid properties, and pumping stresses such as those

likely to occur at the Hanford site. However, the method of finite difference modeling is

capable of providing an approximate solution to the groundwater flow equation (see Wang

and Anderson, 1980).

MODFLOW is a 3-dimensional numerical groundwater (or air) flow system model

developed by the United States Geological Survey which has been applied to a number of
sites throughout the United States. Within MODFLOW, lateral and vertical fluid flow are

simulated by linking horizontal layers of finite difference cells. The finite difference cells

are linked by conductance equations which are used to solve Equation (8) by discretizing

time and space. An apriori assumption implicit in the application of any finite difference

model is that no pressure gradients occur within a finite difference cell. Numerical modeling

is then only as accurate as this assumption allows.

In practice, the modeler will make the finite difference cells smaller near the area of

interest or an area where substantial changes in pressure or head are expected, i.e., smaller

near a pumped well and larger on the margins of the modeled area. Also, in general

practice, vertical gradients of head or pressure are typically less important and of less

magnitude than horizontal gradients. This is because in most geologic media, horizontal

conductivities are greater than vertical conductivities. As a result, pumping from a well

generally produces predominantly horizontal flow. For this reason, finite difference models

generally have more horizontal rows and columns of finite difference cells that vertical cells

or layers. Also, for computational efficiency, most finite difference models, including

MODFLOW, use a numerical solution which treats the real 3-dimensional flow system as a

series of layers of horizontal rows and vertical columns. Pressure or head within a layer is
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constant: the overall vertical gradient is modeled as a series of discrete steps controlled by
the fluid conductance between layers.

Equation (8) describes groundwater flow under non-equilibrium conditions in a
heterogenous and isotropic medium, provided the principal axes of the hydraulic conductivity
are aligned with the coordinate directions.

Together with specification of flow and/or head conditions at the boundaries of an
aquifer system, and specifications of initial-head conditions, Equation (8) constitutes a
mathematical representation of a groundwater flow system.

Massmann (1989) discusses the theoretical basis for applying analytical and numerical
groundwater flow models to model vapor and gas transport in porous systems. Massmann
points out that several limiting assumptions must be made in using groundwater flow models
for vapor flow. These assumptions and limitations include:

* The equation of motion for gas transport can be approximated using an
equation similar to Darcy's Law. In fine-grained materials Darcy's Law
underestimates the fluid discharge by neglecting the effect of gas slippage
(Klinkenberg Effect, Amyx et al., 1960), thus underestimating the conductivity
of the porous medium. However, this assumption is a likely valid
approximation for low areal flow rates in silty sands and gravels encountered
at the site.

* The effects of diffusional flow are negligible. This is a valid assumption for
predicting pressure distributions because advective fluid flow is the dominating
driving force in vapor extraction systems.

* The vapor behaves as an ideal gas as demonstrated by Massmann (1989) at
temperature and pressure conditions which are typical of vapor extraction
systems.

* Constant and uniform porosity, even though the porosity will generally vary
with time and with location due to natural variations in geologic materials, and
due to temporal and spatial variations in moisture content. But, crude
sensitivity studies performed in conjunction with this report showed that
reasonable changes in porosity did not have a major effect.

* The molecular weight of the fluid is uniform. The molecular weight will vary
with gas composition, but small quantities of carbon tetrachloride will
significantly affected the total mass of the flowing fluid.

* Gravitational effects are negligible because they are overwhelmed by advection
and a uniform fluid density.

* The compressibility of the porous media is negligible in comparison to the
compressibility of the vapor. The compressibility of porous media is in the
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order of 106 psi t , whereas the compressibility of air is in the order of 10- to
10- psi- (Amyx et al., 1960)

0 Gas flow can be modeled using the equation for incompressible flow. This
assumption is reasonable because the minimum absolute pressure variation that
will exist in the vapor stream is on the order of one-half an atmosphere and

less.

Input Parameters and Boundary Conditions

The input parameters required to model vapor transport using numerical groundwater
models can be broken into three categories: 1) air properties; 2) the properties of the porous
media; and 3) boundary conditions and simulation parameters.

Air Properties

The air properties are the viscosity, initial air and vapor densities, temperature, and
the molecular weight of air. These air parameters are necessary to determine the specific

storage of the porous media. The specific storage of a porous medium is a function of the

pressure and density of the system. Mathematically, specific storage is presented by
Massmann (1989) as:

S =gnW, (9)
SRT

here:

S, = the specific storage of the porous media (cm- 1)
g = the acceleration of gravity (980 cm/s2)
n = the air filled porosity
W = the molecular weight of air (28 g/mole)
R = the universal gas constant (8.528 x 10' cm2g/s 2-mole-K)
T = the temperature, Kelvin (20 *C = 273.15 K)

Only the flow of air within the soil beneath the tile field was modeled. Equation (9)
can be used to calculate the specific storage of multi-component gas systems by modifying
the gas density and molecular weight terms by the appropriate molar fractions of the gas

phase in situ.

Properties of the Porous Media

Soil permeabilities were estimated using the method outlined in Johnson et al. (1990).
For use in MODFLOW, these permeability values must be converted into equivalent
hydraulic conductivities using Equation (7).
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An estimated vertical equivalent hydraulic conductivity equal to one-tenth the
horizontal equivalent hydraulic conductivity was used to represent the site conditions beneath
the tile field.

Air filled porosity was estimated to be 0.15. Air filled porosity differs from total
and/or effedtive porosity because it is a direct function of the moisture content of the soil.
Without obtaining soil moisture data, or performing representative soil moisture tests on the
soils beneath the tile field, this estimate of air filled porosity seems reasonable and most
likely under estimates the actual air filled porosity of the soil conditions in an arid
environment like that of eastern Washington. The effect of under estimating the air filled
porosity is small in comparison to the magnitude of the specific yield, and is therefore
justified considering the lack of physical data.

To simplify the analysis, we assumed that the porous media was homogenous and
isotropic. Based on the well logs and other geologic data, there are reasons to believe that
non-homogeneous or anisotropic conditions exist beneath the site, but the magnitude and
exact locations of these non-homogenities is not documented. Crude sensitivity analysis

C indicated that the model was not very sensitive to changes in porosity.

Boundary Conditions and Simulation Parameters

A 41-row, 26-column grid system having variable grid spacing was modeled. A
diagram of the modeled grid is shown on Figure B-3. Due to the memory storage constraints
of the groundwater model, a five layer system, having a total depth of 135 feet was modeled.
The five layer system consisted of a 1-foot numerical representative upper boundary
condition, a 44-foot soil layer, a 45-foot soil layer, a 25-foot soil layer, and a 20-foot soil
layer used as the venting interval.

The following boundary conditions were imposed on the system modeled:

0 A no flow boundary below the lower soil layer. It was assumed that the silt
and caliche layer underlying the test zone does not permit substantial flow;

* Constant head lateral boundaries. It was assumed that at some distance from
the pumped wells, soil venting does not substantially affect fluid pressures;

* Constant head boundaries set to atmospheric pressure over the entire surface of
the top soil layer. It was assumed that venting would not substantially affect
atmospheric pressure at the site; and

* Initial heads equal to atmospheric pressure throughout the system.

These boundary and initial conditions were expressed in equivalent meters of air if
using metric units or equivalent feet of air if modeling in English units. This is a necessary
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adjustment since all the input parameters used in the simulation are defined in units of air.
Based on fluid statics, equivalent feet or meters are expressed as (Streeter and Wylie, 1979):

Pw=p.ghJ=Pagha (10)

Here Pwa is the static pressure head of water or air. Equation (10) can be rearranged
in terms of equivalent head of air as:

ha=-wh (11)
Pa

where:

h.= equivalent head of air (feet or meters)
p,= density of water (1.0 g/cm3)
p.= density of air (1.204 x 10- g/cm3)
h,= equivalent length of water (feet or meters)

The resulting head and/or drawdown outputs of the simulation are expressed in terms
of equivalent head of air. These values of heads and/or drawdowns can then be converted
into conventional units of head of water by appropriate substitution into Equation (11).

Simulation run times and time steps in hours were chosen. A simulation run time of
12 hours, using 5 time steps, and a time step multiplier of 2 were used. Steady state flow
conditions were observed within two or three time steps.

Numerical Verification of Estimated Permeabilities

Numerical simulation was performed on the system to verify the accuracy of the
estimated permeabilities calculated from soil venting test data. An arithematic average value
of equivalent air conductivity from the estimated equivalent air permeabilities determined
using the using the soil venting test data results from the intermediate soil layer (35- to 70-
foot depth) was used to represent the soils at and above these depths. Based on the well logs
and other geologic data, an assumed equivalent air conductivity twice the estimated
equivalent air conductivity in the intermediate soil layer was used to represent the between
depths of 70 and 105 feet. Table B-3 shows the equivalent air conductivities, and specific
storage used for each layer in this simulation.

Well locations and vacuum flow rates used in the calibration procedure were the same
as those used in the soil venting tests. Venting W-171, and observation well W-167 were
chosen to verify the estimates of permeability in the lower soil layer.
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These numerical calibration runs were performed using the same soil and simulation
parameters as mentioned above, but using a smaller grid system (33-by-17) than the grid
system used in the soil venting system design analysis. It was seen that the constant head
lateral boundaries had little effect on the near-wellbore vacuum contours up to a radial
distance of approximately 110 feet from the venting well. Use of the smaller grid system
greatly increased the visual accuracy of this calibration procedure.

Figure B-4 shows a contour map of the simulated system at steady state conditions in
equivalent vacuum in. w.g. using the arithematic average estimate of permeability obtained
from the soil venting test. Figure B-4 shows that the groundwater flow model over estimates
the calibration criteria value of 0.52 inches at W-150 by approximately 1000% (52 in. w.g.
equivalent simulated vs. 0.52 inches actual).

The conductivities and leakage terms of the five layers were increased to better
approximate the results of the numerical vent test data to the actual vent test data. Figure B-
5 shows the results of increasing the conductivity and leakage terms by a factor of 10. This
vacuum contour map shows that the groundwater model still over estimates the actual
vacuum created in-situ by approximately 100%. Figure B-6 shows the results of increasing
the conductivity and leakage terms by a factor of 100. Figure B-6 shows a reasonably good
correlation of the numerical vent test to the actual vent test results when the conductivities
and the leakage terms are increased by two orders of magnitude.

The conductivity of this system estimated by numerical calibration is only a numerical
value that includes all the non-idealities of the system modeled and should only be used for
extrapolatory purposes.

I - Soil Venting System Design Analysis

We explored two soil venting systems that would produce a vacuum of 1-in. w.g.
equivalent at the outer extent of the tile field. A vacuum of 1-in. w.g. equivalent provides
for rapid displacement of one pore volume of vapor within the system, and will allow for the
venting well and aquifer losses (Terra Vac, 1991). The two scenarios we explored are:

* Venting from three wells, spaced laterally across the tile field. Each well was
assumed to be perforated over a 20-foot vertical interval toward the bottom of
the lower soil layer.

* Venting from a single well in the middle of the tile field. The well was
assumed to be perforated over a 20-foot interval toward the bottom of the
lower soil layer.

The equivalent air conductivity values determined by numerical calibration were used
in this model to simulate the two soil venting scenarios.

Figure B-7 shows the results of venting wells W-150, W-80, and W-65 at 320 cfm.
Although W-80 is only 21 feet in depth, W-80 was chosen for illustrative purposes due to its
central location. Figure B-7 shows that a 0.2-in. w.g. vacuum is produced at the edge of the
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tile field when venting each of the three wells at 320 cfm. Figure B-8 shows the induced
advective flow vectors produced by a 320 cfm vacuum flow rate. The one pore volume
displacement rate resultant from venting at a combined flow rate of 960 cfm is calculated to
be 16 hours/pore-volume based on a 45-foot soil layer. One pore volume of air or liquid is
defined as the volume of air or liquid, at standard conditions, which occupies the
interconnected void space within a porous medium.

Figure B-9 shows the effect of venting each of the three wells at a flow rate of 1,120
cfm. It is seen on Figure B-9 that a total combined flow rate of 3,360 cfm will produce a I-
in. w.g. vacuum at the edge of the tile field. The one pore volume displacement rate
resultant from venting the three wells at a total combined flow rate of 3,360 cfm is calculated
to be 4.5 hours/pore-volume based on a 45-foot soil layer.

Figure B-10 shows the results of venting a centrally located well at a flow rate of 640
cfm. A single well, vented under the calibrated circumstances at a flow rate of 640 scfm
will produce a 0.2 in. w.g. vacuum at the edge of the tile field. The one pore volume
displacement rate resultant from venting a single well at 640 cfm is calculated to be 32
hours/pore-volume based on a 45-foot soil layer.

Page B-12
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Table B-1 - Middle Soil Layer Vent Test Data

Page B-13
F2-127

N

C.

Log
Flow Delta Delta
Rate Time Time Vacuum

(cfm) (hr) (hr) (g/cms2)

74 0.19 -0.71 -99.46

74 0.22 -0.65 -248.66
74 0.25 -0.61 -223.79
74 0.29 -0.53 -198.92
74 0.33 -0.48 -248.66
77 0.39 -0.41 -248.66

115 0.47 -0.33 -248.66
124 0.50 -0.30 -248.66
124 0.52 -0.29 -298.39
124 0.53 -0.27 -348.12
123 0.58 -0.24 -348.12
123 0.63 -0.20 -397.85
123 0.78 -0.11 -397.85
120 0.89 -0.05 -410.28
220 0.94 -0.03 -447.58
220 0.95 -0.02 -497.31
220 1.00 0.00 -920.03
217 1.03 0.01 -1044.35
217 1.07 0.03 -1094.09
220 1.16 0.07 -1268.15
220 1.25 0.10 -1293.01
220 1.32 0.12 -1342.74

Log

Flow Delta Delta

Rate Time Time Vacuum

(cfm) (hr) (hr) (g/cms2)

220 1.42 0.15 -1392.47

218 1.48 0.17 -1467.07
220 1.57 0.19 -1417.34
218 1.60 0.20 -1442.20
324 1.68 0.23 -1815.19
324 1.69 0.23 -1864.92
324 1.70 0.23 -1939.52
324 1.71 0.23 -1989.25
324 1.71 0.23 -2038.98
324 1.72 0.24 -2088.71
324 1.74 0.24 -2138.44
324 1.74 0.24 -2188.17
324 1.75 0.24 -2237.90
324 1.77 0.25 -2287.63
324 1.78 0.25 -2337.37
324 1.80 0.25 -2387.10
324 1.81 0.26 -2436.83
323 1.85 0.27 -2486.56
323 --- 1.92 0.28 -2486.56
395 3.49 0.54 -1243.28
395 3.49 0.54 -1342.74
395 3.50 0.54 -1491.94

I
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Table B-1 - (Cont.)

F2-128
Page B-14

Log
Flow Delta Delta
Rate Time Time Vacuum

(Cfm) (hr) (hr) (g/cms2)

395 3.50 0.54 -1591.40

395 3.51 0.55 -1740.59
395 3.52 0.55 -1840.05
395 3.52 0.55 -1989.25
395 3.53 0.55 -2088.71
395 3.55 0.55 -2337.37
395 3.56 0.55 -2486.56



Table B-2 - Middle Soil Layer Estimated Air Permeability Input Parameters

Flow Soil Air Semi-Log Estimated
Rate Thickness Viscosity Slope . Air Permeability

(cm3/s) (cm) (g/cm-s) (g/cm-s2) (cm2)

103828.3 1371.6 0.00018 19273.15 5.60E-08
152910.8 1371.6 0.00018 78538.67 2.OOE-08
186491.1 1371.6 0.00018 87852.07 2.20E-08

0

0
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Table B-3 - Estimated Soil Parameters

Layer Soil Specific Equivalent Air Equivalent Air

Number Thickness Storage Leakage Conductivity Transmissivity

(It) (hr-1) (ft/hr) (ft2/hr)

1 1 5.19E-06 2.54E-03 0.025 0.03
2 44 2.28E-04 5.77E-05 0.025 1.12

3 45 2.33E-04 5.64E-05 0.025 1.14

4 25 1.29E-04 2.13E-04 0.053 1.33
5 20 1.03E-04 0.00E+00 0.053 1.07

00

'-4.'

(0

U,-
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Middle Soil Layer Permeability Plot
Venting Well No. W18-171, Observation Well No, W18-87
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Phase 2 Hydraulic Test, W18-171 Middle Layer
Soil Pressure Trends at W18- 150
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Calibration Contour Map: Base Case
Permeability k=7 Darcies

18 57 97 137 177 217 257 296 336 376 416 45B 496 535 575 615 655
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Calibration Contour Map
Permeability k=70 Darcies
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Calibration Contour Map
Permeability k=700 Darcies
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Three Venting Well Scenario
0.2 In. w.g. at the Edge of the Tile Field
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Flow Vectors - Three Venting Wells
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One Venting Well Scenario
0.2 in.w.g. at the Edge of the Tile Field
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Hanford Company Memo

Organic Chemistry 28210-91-042
hFrom: 3-1213 T6-50

Phone: June 12, 1991
Date: VOLATILE ORGANIC ANALYSIS DATA - 216-ZlA TILE FIELD
Subject:

To: K. N. Pool T6-20

cc: D. A. Dodd T6-50
M. C. Hagood H4-55
E. J. Kosiancic SO-61
C. J. Simiele T6-08
C. R. Stroup T6-07
SGM File/LB

The analytical data for the volatile organic analysis of the
216-ZlA tile field samples are given in the attached forms.
EPA forms were used to report the data because WHC does not
have the appropriate forms.

We have used EPA-defined qualifiers (see column Q in FORM I
VOA). They are:

U - Indicates that the compound was analyzed for
but not detected, the number given is the
method detection limit.

J - Indicates an estimated concentration. If the
detection limit is 10 PPB and a concentration
of 3 PPB is calculated, the result is reported
as 3J.

E - Indicates that the compound concentration -

found exceed the instrument calibration range.

B - Indicates that the compound was also detected
in the blank.

As requested by the customer, we have also included the.
initial calibration data, continuing calibration data, and
copies of our GC/MS shoot log.

Please contact me if you have any questions or need further
information.

S. G. Metcalf,D
Acting Manager

sp

F3-1
.nf'- rOermates .n rnepennq Contractor for the uS Oeo afment of Energy
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VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: WHC PAL

Lab Code:

Contract:

Case No.: SAS No.:

Matrix: (soil/water) WATER

EPA SAMPLE NO.

171/20/P4/2

SDG No.:

Lab Sample ID: R8970

Sample wt/vol: 1.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec.

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Lab File ID:

Date Received:

>AD14E

Date Analyzed: 4/14/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride_
75-00-3---------Chloroethane
75-09-2---------MethyleneChloride_
67-64-1---------Acetone_
75-15-0---------Carbon Disulfide_
75,35-4---------1,1-Dichloroethene '_
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene(total) _

67-66-3---------chloroform
107-02-2--------1,2-Dichloroethane_
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride_
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene_
10061-02-6------trans-1,3-Dichloropropene~_
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4 -------- Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane
108-88-3--------Toluene
108-90-7--------Chlorobenzene_
100-41-4--------Ethylbenzene_
100-42-5--------Styrene .
133-02-7 Xylene (total)

FORM I VOA

F3-2

CAS NO.

(uL)

Q

-4

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025

3/90
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VOLATILE ORGANICS ANALYSIS DATA SHEET
EPA SAMPLE NO.

167/114/P4/2
L*ame: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

Matrix: (soil/water) WATER

Sample wt/vol: 1.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec.

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Lab Sample ID:

Lab File ID:

Date Received:

R8971 \V

>AD14F

Date Analyzed: 4/14/91

Dilution Factor: 1.00000

Soil Aliquot Volume: (uL)

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride

-75-00-3---------Chloroethane

; 75-09-2---------MethyleneChloride
67-64-1---------Acetone_
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene __
75-34-3---------1,1-Dichloroethane_
540-59-0--------1,2-Dichloroethene_(total)_
67-66-3-----------chloroform
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane_
10061-01-5------cis-1,3-Dichloropropene_
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene_
10061-02-6 ------ trans-1,3-Dichloropropene___
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4.---------Tetrachloroethene
79-34-t---------1,1,2,2-Tetrachloroethane
108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5--------Styrene
133-02-7 Xyleiie (total)

FORM I VOA

F3-3

SDG No

CAS NO. Q

:11.

'S

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.08
0.025
0.10
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025

- 0.025

3/90
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1A
'VOLATILE ORGANICS ANALYSIS DATA SHEET

,ab Name: WHC PAL

4ab Code: Case No.:

Contract:

SAS No.:

A SAMPLE NO.

87/33 4/2-QA

SDG No.:

4atrix: (soil/water) WATER Lab Sample ID: R8972

Sample wt/vol: 1.0 (g/mL) ML Lab File ID: >AD14G Iu

zevel: (low/med) LOW

Moisture: not dec.

3C Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(UL)

Date Received:

Date Analyzed: 4/14/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride
75-00-3---------Chloroethane
75-09-2---------MethyleneChloride
67-64-1---------Acetone
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene
75-34-3---------1,1-Dichloroethane_
540-59-0--------1,2-Dichloroethene_(total)
67-66-3---------Chloroform
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane_
56-23-5---------Carbon Tetrachloride_
108-05-4--------Vinyl Acetate_
75-27-4---------Bromodichloromethane_
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene
10061-02-6------trans-1,3-Dichioropropene_
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4 --------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane_
.108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5--------Styrene -
133-02-7 Xylene (total)

FORM I VOA -

Q

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.025
0.15
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025

3/90

F3-4

CAS NO.

(UL)

U
U
U
U
U
U
U
U
U
U
U
U

U

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
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VOLATILE ORGANICS ANALYSIS DATA SHEET

54me: WHC PAL

Zab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

87/33/P4/2

SDG No.:

latrix: (soil/water) WATER Lab Sample ID: R8973
U

Sample wt/vol: 1.0 (g/mL) ML

Level: (low/med) LOW

Moisture: not dec.

SC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Lab File ID:

Date Received:

>AD14H

Date Analyzed: 4/14/91

Dilution Factor: 1.00000

Soil Aliquot Volume: (uL)

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride
75-00-3---------Chloroethane
75-09-2---------MethyleneChloride
67-64-1---------Acetone_
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene_ __
75-34-3---------1,1-Dichloroethane_
540-59-0--------1,2-Dichloroethene_(total)_
67-66-3---------Chloroform
.107-02-2--------1,2-Dichloroethane_
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride_
108-05-4---------Vinyl Acetate_
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene_
10061-02-6------trans-1,3-Dichloropropene___
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4.--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane_
108-88-3--------Toluene
108-90-7--------Chlorobenzene_
100-41-4--------Ethylbenzene
100-42-5-------Styrene
133-02-7 Xylene (total)

FORM I VOA

F3-5

CAS NO.

el

Q

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.07
0.025
0.125
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025

3/90



DOE/RL-91-32

1A Draft B
VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

150/60/P4/2

SDG No.:

Matrix: (soil/water) WATER Lab Sample ID: R8974

Sample wt/vol: 1.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec.

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(UL)

Lab File ID:

Date Received:

>AD141

Date Analyzed: 4/14/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane_
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride_
75-00-3---------Chloroethane
75-09-2---------Methylene_Chloride
67-64-1---------Acetone_
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene_ __
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene (total)
67-66-3---------Chloroform
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride_
108-05-4--------Vinyl Acetate_
75-27-4---------Bromodichloromethane_
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene_
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane_
71-43-2---------Benzene
10061-02-6------trans-1,3-Dichloropropene_
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18T4.--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane_
.108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5--------Styrene -
133-02-7 Xylene (total)

FORM I VOA -

F3-6

CAS NO.

(uL)

Q

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.08
0.025
0.04
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025

3/90

cAol\



1A

DOE/RL-91-32
Draft B

VOLATILE ORGANICS ANALYSIS DATA SHEET

atme: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

BLANK/P4/2

SDG No.:

4atrix: (soil/water) WATER Lab Sample ID: R8975

3ample wt/vol: 1.0 (g/mL) ML Lab File ID:

Level: (low/med) LOW

k Moisture: not dec.

;c Column: DB-624

3oil Extract Volume:

CAS NO.

c-4

ID: 0.53 (mm)

(uL)

COMPOUND

Date Received: Apiv
Date Analyzed: 4/14/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride_
75-00-3---------Chloroethane
75-09-2---------Methylene Chloride
67-64-1---------Acetone~_
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene -

75-34-3---------1,1-Dichloroethane .
540-59-0--------1,2-Dichloroethene(total)
67-66-3---------Chloroform~~_
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone -
71-55-6---------1,1,1-Trichloroethane_
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane_
79-00-5---------1,1,2-Trichloroethane 
71-43-2---------Benzene
10061-02-6------trans-1,3-Dichloropropene
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane_
108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5--------- Styrene
133-02-7 Xylene (total)

FORM I VOA

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.075
0.025
0.025
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025

(uL)

Q

U
U
U
U
U
U
U
U
U
U
U
U

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

3/90

F3-7

>AD14J



DOE/RL-91-32
1A Draft B

VOLATILE ORGANICS ANALYSIS DATA SHEET

ab Name: WHC PAL

Zab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

171/57/P4/2

SDG No.:

,atrix: (soil/water) WATER Lab Sample ID: R8985

Sample wt/vol: 1.0 (g/mL) ML

Level: (low/med) LOW

Moisture: not dec.

3C Column: DB-624

Soil Extract Volume:

ID: 0.53 '(mm)

(UL)

Lab File ID:

Date Received:

>AD14K

Date Analyzed: 4/14/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

FORM I VOA

CAS NO.

(uL)

Q

k o\

74-87-3---------ChloromethaneO
74-83-9---------Bromomethane0
75-01-4---------Vinyl Chloride0
75-00-3---------Chloroethane0
75-b9-2---------Methylene ChlorideO
67-64-1---------Acetone0
75-15-0---------Carbon Disulfide0
75-35-4---------1,1-Dichloroethene -0
75-34-3---------1,1-Dichloroethane0
540-59-0--------1,2-Dichloroethene_(total)
67-66-3---------Chloroform~_~~
107-02-2--------1,2-Dichloroethane0
78-93-3---------2-Butanone0
71-55-6---------1,1,1-Trichloroethane0
56-23-5---------Carbon Tetrachloride0
108-05-4--------Vinyl Acetate0
75-27-4----------Bromodichloromethane0
78-87-5---------1,2-Dichloropropane0
10061-01-5------cis-1,3-Dichloropropene0
79-01-6---------Trichloroethene0
124-48-1--------Dibromochloromethane0
79-00-5---------1,1,2-Trichloroethane_0
71-43-2---------Benzene0
10061-02-6------trans-i, 3-Dichioropropene___
75-25-2---------Bromoform0
lOB 10 1 4 Methyl. 2 penta,..______L. 3 IL
591-78-6--------2-Hexanone0
127-18-4.--------Tetrachloroethene0
79-34-5---------1,1,2,2-Tetrachloroethane _5
108-88-3--------Toluene0
108-90-7--------Chlorobenzene0
100-41-4--------Ethylbenzene0
100-42-5--------Styrene0
133-02-7 Xylene (total)

F3-8

3/90

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.002
0.025
0.05
0.025
0.55
0.05
0.025
0.02-5
0.025
0.025
0.025
0.025
0.025
0.025
0.025

0.05
0. 025
0.025
0.025
0.025
0.025
0.025

-0.025

U
U
U
U
U
U
U

/ON,



DOE/RL-91-32

IA Draft B
VOLATILE ORGANICS ANALYSIS DATA SHEET

Loame: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

150/85/P4/2

SDG No.:

Matrix: (soil/water) WATER Lab Sample ID: R8986

Sample wt/vol: 1.0 (g/mL) ML

Level: (low/med) LOW

% Moisture: not dec.

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Lab File ID:

Date Received:

>AD14M

Date Analyzed: 4/14/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3 ---------Chloromethane_
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride_
75-00-3----------Chloroethane
.75-09-2----------Methylene Chloride
67-64-1---------Acetone
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene -

75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene_(total)
67-66-3---------chloroform
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane_
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane_
71-43-2---------Benzene_-
10061-02-6------trans-i, 3-Dichloropropene_
75-25-2---------Bromoform
108-10-1--------4-ethyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4.--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane_
108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5--------Styrene.
133-02-7 - Xylene (total)

FORM I VOA

F3-9

CAS NO.

C,

'In

(uL)

Q

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.003
0.025
0.075
0.025
0.65
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025

3/90



DOE/RL-91-32
Draft B

1A EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET

150/113/P4/2a
,ab Name: WHC PAL Contract: 150/113/P4/2

4ab Code: Case No.: SAS No.: SDG No.:

latrix: (soil/water) WATER Lab Sample ID: R8987

3ample wt/vol: 1.0 (g/mL) ML Lab File ID: >AD14N

Zevel: (low/med) LOW Date Received:

Moisture: not dec. Date Analyzed: 4/14/91

3C Column: DB-624 ID: 0.53 (mm) Dilution Factor: 1.00000

soil Extract Volume: (uL) Soil Aliquot Volume: (UL)

CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) ug/ML AIR Q

Ic- 74-87-3---------Chloromethane 0.05 U
74-83-9---------Bromomethane 0.05 U
75-01-4---------Vinyl Chloride 0.05 U
75-00-3---------Chloroethane 0.05 U
75-09-2---------MethyleneChloride 0.025 U
67-64-1---------Acetone 0.05 U
75-15-0---------Carbon Disulfide 0.025 U
75-35-4---------1,1-Dichloroethene 0.025 U
75-34-3---------1,1-Dichloroethane_ 0.025 U
540-59-0--------1,2-Dichloroethene_(total)_ 0.025 U
67-66-3---------Chloroform~~ 0.002 J
107-02-2--------1,2-Dichloroethane 0.025 U
78-93-3---------2-Butanone 0.05 U
71-55-6---------1,1,1-Trichloroethane 0.025 U
56-23-5---------Carbon Tetrachloride 0.60
108-05-4--------Vinyl Acetate 0.05 U
75-27-4---------Bromodichloromethane 0.025 U
78-87-5---------1,2-Dichloropropane 0.025 U
10061-01-5------cis-1,3-Dichloropropene 0.025 U
79-01-6---------Trichloroethene 0.025 U
124-48-1--------Dibromochloromethane 0.025 U
79-00-5---------1,1,2-Trichloroethane 0.025 U
71-43-2---------Benzene 0.025 U
10061-02-6------trans-1,3-Dichloropropene 0.025 U
75-25-2---------Bromoform 0.025 U
108-10-1--------4-Methyl-2-pentanone 0.05 U
591-78-6--------2-Hexanone 0.05 U
127-18-!4---------Tetrachloroethene 0.025 U
79-34-5---------1,1,2,2-Tetrachloroethane 0.025 U
.108-88-3--------Toluene 0.025 U
108-90-7--------Chlorobenzene 0.025 U
100-41-4--------Ethylbenzene 0.025 U
100-4'2-5-------Styrene 0.025 U
133-02-7 - - Xylene (total) 0.025 U

- FORM I VOA 3/90

F3-10



DOE/RL-91-32
Draft B

IA
VOLATILE ORGANICS ANALYSIS DATA SHEET

Laame: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

BLANK/P4/A/G

SDG No.:

tatrix: (soil/water) WATER Lab Sample ID: R9012

Sample wt/vol: 1 (g/ML) ML

Level: (low/med) LOW

% Moisture: not dec.

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Lab File ID:

Date Received:

>AD16D J

04/16/91

Date Analyzed: 4/16/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride
75-00-3---------Chloroethane
:75-09-2---------MethyleneChloride
67-64-1---------Acetone_~_
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene -

75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene_(total)__
67-66-3---------Chloroform
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichioroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane_
78-87-5---------1,2-Dichloropropane
10061-01-5-------cis-1,3-Dichloropropene_
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane_
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Ben.ene
10061-02-6------trans-1,3-Dichloropropene_
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-A---------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane___
.108-88-3--------Toluene
108-90-7--------Chlorobenzene_
100-41-4--------Ethylbenzene_
100-42-5--------Styrene -
133-02-7 Xylene (total)

FORM I VOA

F3-11

CAS NO.

(uL)

Q

"4

C>

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.025
0.025
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
.0.025
0.025
0.025
0.025
0.025

3/90



DOE/RL-91-32

1A Draft B
VOLATILE ORGANICS ANALYSIS DATA SHEET

ab Name: WHC PAL

,ab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

167/P4/B/G

SDG No.:

atrix: (soil/water) WATER Lab Sample ID: R9013

;ample wt/vol: 1 (g/mL) ML Lab File ID:

evel: (low/med) LOW

Moisture: not dec.

Date Received: 04/16/91

Date Analyzed: 4/16/91

C Column: DB-624

;oil Extract Volume:

ID: 0.53 (mm)

(uL)

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

FORM I VOA

F3-12

>AD 1 6E

CAS NO.

(uL)

Q

74-87-3---------Chloromethane0
74-83-9---------Bromomethane0
75-01-4---------Vinyl Chloride0
75-00-3---------Chloroethane0
75-09-2---------MethyleneChloride0
67-64-1---------Acetone0
75-15-0---------Carbon Disulfide0
75-35-4---------1,1-Dichloroethene '
75-34-3----------1,1-Dichloroethane0
540-59-0---------1,2-Dichloroethene_ (total)
67-66-3----------Chloroform ~~
107-02-2----------1,2-Dichloroethane0
78-93-3----------2-Butanone0
71-55-6----------1,1,1-Trichloroethane0
56-23-5----------Carbon Tetrachloride1
108-05-4---------Vinyl Acetate0
75-27-4----------Bromodichloromethane0
78-87-5----------1,2-Dichloropropane0
10061-01-5------cis-1,3-Dichloropropene0
79-01-6----------Trichloroethene0
124-48-1---------Dibromochloromethane0
79-00-5----------1,1,2-Trichloroethane0
71-43-2----------Benzene
10061-02-6------trans-1~3-Dichloropropene
75-25-2----------Bromoform0
108-10-1---------4-Methyl-2-pentanone0
591-78-6---------2-Hexanone0
127-18-4:---------Tetrachloroethene0
79-34-5----------1,1,2,2-Tetrachloroethane
108-88-3---------Toluene0
108-90-7---------Chlorobenzene0
100-41-4---------Ethylbenzene0
-100-42-5_---------Styrene0
133-02-7 - Xylene (total) 02

3/90

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.004
0.025
0.04
0.025
1.2
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025

E

lu
-
U



DOE/RL-91-32

IA Draft B
VOLATILE ORGANICS ANALYSIS DATA SHEET

L ame: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

167/P4/C/G

SDG No.:

Matrix: (soil/water) WATER Lab Sample ID: R9014

Sample wt/vol: 1 (g/mL) ML Lab File ID:

Level: (low/med) LOW

% Moisture: not dec.

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Date Received: 04/16/91

Date Analyzed: 4/16/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride_
75-00-3---------Chloroethane_
-75-09-2---------MethyleneChloride
67-64-1---------Acetone_
75-15-0---------Carbon Disulfide
7.5-35-4---------1,1-Dichloroethene -_
75-34-3---------1,1-Dichloroethane
-540-59-0--------1,2-Dichloroethene_(total) -
67-66-3---------chloroform
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene_
10061-02-6------trans-1,3-Dichioropropene_
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-34-i---------1,1,2,2-Tetrachloroethane
108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5--------Styrene
133-02-7 Xylene (total)

FORM I VOA

F3-13

>AD16F

CAS NO.

(uL)

Q

ml4

E

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.005
0.025
0.05
0.025
1.6
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025

3/90



DOE/RL-91-32
1A Draft B

VOLATILE ORGANICS ANALYSIS DATA SHEET

4ab Name: WEC PAL

ab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

167/P4/D/G

SDG No.:

4atrix: (soil/water) WATER Lab Sample ID: R9015

3ample wt/vol: 1 (g/mL) ML Lab File ID:

Zevel: (low/med) LOW

5 Moisture: not dec.

;C Column: DB-624 ID: 0.53 (mm)

3oil Extract Volume:

CAS NO.

(uL)

COMPOUND

Date Received: 04/16/91

Date Analyzed: 4/16/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

-'4

(uL)

Q

FORM I VOA

>AD16G

74-87-3---------Chloromethane0
74-83-9---------Bromomethane0
75-01-4---------Vinyl Chloride0
75-00-3---------Chloroethane0
75-09-2---------MethyleneChloride0
67-64-1---------Acetone0
75-15-0---------Carbon Disulfide2
75-35-4---------1,1-Dichloroethene -
75-34-3---------1,1-Dichloroethane0
540-59-0--------1,2-Dichloroethene_(total)
67-66-3---------Chloroform ~~
107-02-2--------1,2-Dichloroethane0
78-93-3---------2-Butanone0
71-55-6---------1,1,1-Trichloroethane0
56-23-5---------Carbon Tetrachloride1
108-05-4--------Vinyl Acetate_-
75-27-4---------Bromodichloromethane0
78-87-5---------1,2-Dichloropropane0
10061-01-5------cis-1,3-Dichloropropene0
79-01-6---------Trichloroethene0
124-48-1--------Dibromochloromethane2
79-00-5---------1,1,2-Trichloroethane0
71-43-2---------Benzene0
10061-02-6------trans-1,3-Dichioropropene_
75-25-2---------Bromoform0
108-10-1--------4-Methyl-2-pentanone0
591-78-6--------2-Hexanone0
127-18-4.--------Tetrachloroethene0
79-34-5'---------1,1,2,2-Tetrachloroethane_
108-88-3--------Toluene0
108-90-7--------Chlorobenzene0
100-41-4--------Ethylbenzene0
100-42-5--------Styrene 0
133 02-7 Xylene (total) -

F3-14

3/90

0.05
0.05
0.05
0. 05
0.025
0.05
0.025
0.025
0.025
0.025
0.005
0.025
0.05
0.025
1.5
0.05
0.025
0.025
0.025

.0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025

E



1A

DOE/RL-91-32
Draft B

VOLATILE ORGANICS ANALYSIS DATA SHEET

L ame: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO:

167/P4/E/G

SDG No.:

Matrix: (soil/water) WATER Lab Sample ID: R9016

(g/mL) ML

Level: (low/med) LOW

% Moisture: not dec.

GC Column: DB-624

Soil Extract Volume:

CAS NO.
'0

U)

Ci'

-' I

0'

ID: 0.53 (mm)

(uL)

COMPOUND

Lab File ID: >AD16H

Date Received: 04/16/91

Date Analyzed: 4/16/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
-74-83-9---------Bromomethane

-75-01-4---------Vinyl Chloride_
75-00-3---------Chloroethane
75-09-2---------MethyleneChloride
67-64-1---------Acetone
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene '_
75-34-3---------1,1-Dichloroethane_
540-59-0--------1,2-Dichloroethene_(total)__

- 67-66-3---------Chloroform
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene_
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane_ _
79-00-5---------1,1,2-Trichloroethane_
71-43-2---------Benzene
10061-02-6------trans-1,3-Dichloropropene
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-la-4--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane

.108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5--------Styrene
133-02-7 Xylene (total)

0.05
0.05
0.05
0.05
0.025
0.05
0.025
0.025
0.025
0.025
0.005
0.025
0.05
0.025
1.7
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.05
0.05
0.025
0.025
0.025
0.025
0.025
0.025
0.025

(uL)

Q

E

FORM I VOA

Sample wt/vol: 1

F3-15

3/90



DOE/RL-91-32
1A Draft B

VOLATILE ORGANICS ANALYSIS DATA SHEET

ab Name: WHC PAL

4ab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

171/P4/H/G

SDG No.:

4atrix: (soil/water) WATER Lab Sample ID: R9032

3ample wt/vol: 0.5 (g/mL) ML Lab File ID:

Uevel: (low/med) LOW

Moisture: not dec.

3C Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(UL)

Date Received: 04/17/91

Date Analyzed: 4/17/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

FORM I VOA

>AD17D

CAS NO.

(uL)

Q

74-87-3---------Chloromethane0
74-83-9---------Bromomethane0
75-01-4---------Vinyl Chloride0
75-00-3---------Chloroethane0
75-09-2---------MethyleneChloride0
67-64-1---------Acetone0
75-15-0---------Carbon Disulfide0
75-35-4---------1,1-Dichloroethene '0
75-34-3---------1,1-Dichloroethane0
540-59-0--------1,2-Dichloroethene_ (total)
67-66-3---------Chloroform0
107-02-2--------1,2-Dichloroethane0
78-93-3---------2-Butanone0
71-55-6---------1,1,1-Trichloroethane0
56-23-5---------Carbon Tetrachloride2
108-05-4--------Vinyl Acetate0
75-27-4---------Bromodichloromethane0
78-87-5---------1,2-Dichloropropane0
10061-01-5------cis-1,3-Dichloropropene0
79-01-6---------Trichloroethene0
124-48-1--------Dibromochloromethane0
79-00-5---------1,1,2-Trichloroethane0
71-43-2---------Benzene0
10061-02-6------trans-1,3-Dichloropropene
75-25-2---------Bromoform*
108-10-1--------4-Methyl-2-pentanone0
591-78-6--------2-Hexanone0
127-18-4.---------Tetrachloroethene0
79-34-5---------1,1,2,2-Tetrachloroethane
.108-88-3--------Toluene0
108-90-7--------Chlorobenzene0
100-41-4--------Ethylbenzene0
100-42-5--------Styrene.0
133-02-7 Xylene (total)-

F3-16

3/90

0.10
0.10
0.10
0.10
0.05
0.10
0.05
0.05
0.05
0.05
0.004

.0.05
0.19
0.05
2.8
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05

U
U
U
U
U
U
U
U
U
U
J
U

U
E

U
U.
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U



1A

DOE/RL-91-32
Draft B

' VOLATILE ORGANICS ANALYSIS DATA SHEET

.a me: WHC PAL Contract:

EPA SAMPLE NO.

171/P4/K/G

,ab Code: Case No.:

latrix: (soil/water) WATER Lab Sample ID: R9033

;ample wt/vol: 0.5 (g/mL) ML Lab File ID:

evel: (low/med) LOW

Moisture: not dec.

Date Received: 04/17/91

Date Analyzed: 4/17/91

'C Column: DB-624

oil Extract Volume:

Cr)

a-

0 1

CAS NO.

ID: 0.53 (mm)

(uL)

COMPOUND

Dilution Factor: 1.00000

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride
75-00-3---------Chloroethane
75-09-2---------MethyleneChloride
67-64-1---------Acetone
75-15-0---------Carbon Disulfaide
75-35-4---------1,1-Dichloroethene '
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene_(total)
67-66-3---------Chloroform ~~
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate_
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane_
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene_
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene_
10061-02-6------trans-1,3-Dichloropropene
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-34-5 ----------1,1,2,2-Tetrachloroethane
.108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5--------Styrene
133-02-7 Xylene (total)

0.10
0.10
0.10
0.10
0.05
0.10
0.05
0.05
0.05
0.05
0.008
0.05
0.12
0.05
3.5
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05

Q

U
E

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

UU

FORM-I VOA

SAS No.: SDG No.:

>AD17E

(uL)

F3-17

3/90



DOE/RL-91-32
1A Draft B

VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

171/P4/G/G

SDG No.:

Matrix: (soil/water) WATER Lab Sample ID: R9025

Sample wt/vol: 0.5 (g/mL) ML Lab File ID:

Level: (low/med) LOW

% Moisture: not dec.

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Date Received: 04/17/91 A

Date Analyzed: 4/17/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane_
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride_
75-00-3---------Chloroethane
75-09-2---------Methy leneChloride
67-64-1---------Acetone_
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene _
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene (total) _
67-66-3---------Chloroform~_~~_
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane_
71-43-2---------Benzene
10061-02-6------trans-1,3-Dichloropropene___
75-25-2---------Bromoform.
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18r4--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane_

.108-88-3--------Toluene
108-90-7--------Chlorobenzene_
100-41-4--------Ethylbenzene
100-42-5--------Styrene .
133-02-7 Xylene -(total)

FORM I-VOA

F3-18

>AD17F

CAS NO.

(uL)

Q

0.10
0.10
0.10
0.10
0.05
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.05
1.3
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05

3/90



DOE/RL-91-32
Draft B

1A
-VOLATILE ORGANICS ANALYSIS DATA SHEET

a me: WHC PAL

ab Code: Case No.:

.Contract:

SAS No.:

EPA SAMPLE NO.

171/P4/J/G

SDG No.:

atrix: (soil/water) WATER Lab Sample ID: R9027

ample wt/vol: 0.5 (g/mL) ML Lab File ID:

evel: (low/med) LOW

Moisture: not dec.

Date Received: 04/17/91 6

Date Analyzed: 4/17/91

C Column: DB-624

oil Extract Volume:

ID: 0.53 (mm)

(uL)

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride_
75-00-3---------Chloroethane
75-09-2---------MethyleneChloride
67-64-1---------Acetone
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene -
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene_(total)
67-66-3---------Chloroform _~_
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane_
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane_
71-43-2---------Benzene_
10061-02-6 ------trans-1,3-Dichiaropropene___
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4.--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane___
108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5-------- Styrene
133-02-7 Xylene (total)

FORM I VOA

F3-19

>AD17G

CAS NO.

(uL)

Q

C,

U
U
U
U
U
U
U
U
U
U
J
U

E

0.10
0.10
0.10
0.10
0.05
0.10
0.05
0.05
0.05
0.05
0.004
0.05
0.12
0.05
2.6
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05

3/90



DOE/RL-91-32

1A Draft B
VOLATILE ORGANICS ANALYSIS DATA SHEET

ab Name: WHC PAL

Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

167/P4/F/G-Q

SDG No.:

atrix: (soil/water) WATER Lab Sample ID: R9024

ample wt/vol: 0.5 (g/mL) ML Lab File ID:

evel: (low/med) LOW

Moisture: not dec.

Date Received: 04/17/91

Date Analyzed: 4/17/91

C Column: DB-624

oil Extract Volume:

ID: 0.53 (mm)

(uL)

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

FORM.I VOA

ab Code:

>AD17H

CAS NO.

(uL)

Q

74-87-3---------Chloromethane
74-83-9---------Bromomethane0
75-01-4---------Vinyl Chloride0
75-00-3---------Chloroethane0
75-09-2---------MethyleneChloride0
67-64-1---------Acetone0
75-15-0---------Carbon Disulfide0
15-35-4---------1,1-Dichloroethene -0
75-34-3---------1,1-Dichloroethane0
540-59-0--------1, 2-Dichloroethene_(total) _0
67-66-3---------Chloroform ~ ~~
107-02-2--------1,2-Dichloroethane0
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane0
56-23-5---------Carbon Tetrachloride1
108-05-4--------Vinyl Acetate0
75-27-4---------Bromodichloromethane0
78-87-5---------1,2-Dichloropropane_
10061-01-5------cis-1,3-Dichloropropene0
79-01-6---------Trichloroethene0
124-48-1--------Dibromochloromethane0
79-00-5---------1,1,2-Trichloroethane0
71-43-2---------Benzene0
10061-02-6------trans-1,3-Dichloropropene_0_0
75-25-2---------Bromoform0
108-10-1--------4-Methyl-2-pentanone0
591-78-6--------2-Hexanone0
127-18-!4---------Tetrachloroethene0
79-34-5---------1,1,2,2-Tetrachloroethane_
108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene0
100-42-5--------Styrene0
133-02-7 Xylene (total)

F3-20

3/90

0.10
0.10
0.10
0.10
0.05
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.07
0.05
1.2
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.05
0.05
0.05
0.05
0.05
0.05

-0.05



DOE/RL-91-32
IA Draft B

VOLATILE ORGANICS ANALYSIS DATA SHEET

a me: WHC PAL

ab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

167/P4/F/G

SDG No.:

atrix: (soil/water) WATER Lab Sample ID: R9031

ample wt/vol: 0.5 (g/mL) ML Lab File ID:

evel: (low/med) LOW

Moisture: not dec.

Date Received: 04/17/91

Date Analyzed: 4/17/91

C Column: DB-624

oil Extract Volume:

ID: 0.53 (mm)

(uL)

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane_
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride
75-00-3---------Chloroethane
75-09-2---------MethyleneChloride
67-64-1---------Acetone
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene .
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene_(total)_
67-66-3----------Chloroform
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride_
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene
10061-02-6------trans-1,3-Di-hloropropene_
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-34-5----------1,1,2,2-Tetrachloroethane
108-88-3--------Toluene
-108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5--------Styrene
133-02-7 - Xylene (total)

FORM I VOA

F3-21

>AD171

CAS NO.

'C'

(uL)

Q

0.10
0.10
0.10
0.10
0.05
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.12
0.05
0.89
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05

3/90



DOE/RL-91-32
Draft B

IAN
'VOLATILE ORGANICS ANALYSIS DATA SHEET

ab Name: WHC PAL

Case No.:

Contract:

SAS No.:

EPA SAMPLE NO

171/P4/P/G

SDG No.:

atrix: (soil/water) WATER Lab Sample ID: R9041

ample wt/vol: 0.5 (g/mL) ML Lab File ID:

,evel: (low/med) LOW

Moisture: not dec.

;C Column: DB-624

3oil Extract Volume:

ID: 0.53 (mm)

(uL)

Date Received: 04/18/91

Date Analyzed: 4/18/91 bV'
Dilution Factor: 1.00000

Soil Aliquot Volume: (uL)

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride_
75-00-3---------Chloroethane
75-09-2---------MethyleneChloride
67-64-1---------Acetone
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene .
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene_(total)
67-66-3---------Chloroform ~~
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane_
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene
10061-02-6------trans-1,3-Dichlo:-opropene_
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-34-5----------1,1,2,2-Tetrachloroethane
108-88-3--------Toluene

.108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5---------Styrene
133-02-7 Xylene (total)

Q

0.10
0.10
0.10
0.10
0.05
0.10
0.05
0.05
0.05
0.05
0.006
0.05
0.10
0.05
3.2
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.05
0.05
0.05
0.05
0.05
0.05
0 . 05

FORM I VOA 3/90

F3-22

ab Code:

>AD18G

CAS NO. COMPOUND

E
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U



DOE/RL-91-32

1A Draft B
VOLATILE ORGANICS ANALYSIS DATA SHEET

L ame: WHC PAL Contract:

Lab Code: Case No.: SAS No.:

Matrix: (soil/water) WATER

EPA SAMPLE NO.

171/P4/N/G

SDG No.:

Lab Sample ID: R9040

Sample wt/vol: 0.25 (g/mL) ML Lab File ID:

Level: (low/med) LOW

% Moisture: not dec.

Date Received: 04/18/91

Date Analyzed: 4/18/91

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride
-75-00-3---------Chloroethane
75-09-2---------MethyleneChloride
67-64-1---------Acetone
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene -
75-34-3---------1,1-Dichloroethane_
540-59-0--------1,2-Dichloroethene (total)
67-66-3---------Chloroform ~ ~~
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5-------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene_
10061-02-6------trans-1,3-Dichloropropene___
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-3445s---------1,1,2,2-Tetrachloroethane___
108-88-3--------Toluene

-108-90-7--------Chlorobenzene_
100-41-4--------Ethylbenzene
100-42-5--------Styrene
133-02-7 - Xylene (total)

FORM I VOA

F3-23

>AD18H

CAS NO.

(uL)

Q

7'1

0.20
0.20
0.20
0.20
0.10
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.20
0.10
3.8
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.20
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10

U
U
U
U
U
U
U
U
U
U
U
U
U
U

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

3/90



DOE/RL-91-32
Draft B

1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

ib Name: WHC PAL

Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

171/P4/M/G

SDG No.:

atrix: (soil/water) WATER Lab Sample ID: R9039

ample wt/vol: 0.25 (g/mL) ML Lab File ID:

evel: (low/med) LOW

Moisture: not dec.

Date Received: 04/18/91

Date Analyzed: 4/18/91

C Column: DB-624

oil Extract Volume:

ID: 0.53 (mm)

(uL)

Dilution Factor: 1.00000

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride_
75-00-3---------Chloroethane
75-09-2---------Methylene Chloride
67-64-1---------Acetone
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene -
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene_(total)
67-66-3---------Chloroform~_~~_
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate

.75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene_
10061-02-6------trans-1,3-Dichloropropene_
75-25-2---------Bromoform.
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane
108-88-3--------Toluene

-108-90-7--------Chlorobenzene_
100-41-4--------Ethylbenzene_
100-42-5--------Styrene
133-02-7 Xylene (total)

FORM I VOA

Q

0.20
0.20
0.20
0.20
0.10
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.20
0.10
4.7
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.20
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10

U
U
U
U

3/90

F3-24

ib Code:

>AD18I

CAS NO. COMPOUND

(uL)

U
U
U
U
U
U
U
U
U
U
U
U
U
U

E



DOE/RL-91-32
Draft B

1A
'VOLATILE ORGANICS ANALYSIS DATA SHEET

ja ame: WHC PAL

Zab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

171/P4/P/G QA

SDG No.:

4atrix: (soil/water) WATER Lab Sample ID: R9042

Sample wt/vol: 0.25 (g/mL) ML Lab File ID:

Level: (low/med) LOW

% Moisture: not dec.

Date Received: 04/18/91

Date Analyzed: 4/18/91

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Dilution Factor: 1.00000

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride
175-00-3---------Chloroethane
75-09-2---------MethyleneChloride
67-64-1---------Acetone_
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene .
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene (total)
67-66-3---------Chloroform ~~ tar__
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate-_
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane_
79-00-5---------1,1,2-Trichloroethane_
71-43-2---------Benzene_
10061-02-6------trans-1,3-Dichloropropene
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane
108-88-3--------Toluene
108-90-7--------Chlorobenzene_
100-41-4--------Ethylbenzene
100-42-5--------Styrene
133-02-7 Xylene (total) -

FORM I VOA

Q

0.20
0.20
0.20
0.20
0.10
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.20
0.10
4.7
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.20
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.r

3/90

F3-25-

>AD18J

CAS NO. COMPOUND

(uL)

E
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U-



DOE/RL-91-32
Draft B

IA EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET

171/P4/L/G
Lab Name: WHC PAL Contract: I

Lab Code: Case No.: SAS No.: SDG No.:

Matrix: (soil/water) WATER Lab Sample ID: R9038

Sample wt/vol: 0.25 (g/mL) ML Lab File ID: >AD18KJJ.

Level: (low/med) LOW Date Received: 04/18/91

% Moisture: not dec. Date Analyzed: 4/18/91

GC Column: DB-624 ID: 0.53 (mm) Dilution Factor: 1.00000

Soil Extract Volume: (uL) Soil Aliquot Volume: (uL)

CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) ug/ML AIR Q

74-87-3---------Chloromethane 0.20 U
74-83-9---------Bromomethane 0.20 U
75-01-4---------Vinyl Chloride 0.20 U
75-00-3---------Chloroethane 0.20 U
75-09-2---------Methylene Chloride 0.10 U
67-64-1---------Acetone 0.20 U
75-15-0---------Carbon Disulfide 0.10 U
75-35-4---------1,1-Dichloroethene . 0.10 U
75-34-3---------1,1-Dichloroethane 0.10 U
540-59-0--------1,2-Dichloroethene_(tt) 0.10 U
67-66-3---------chloroform 0.10 U
107-02-2--------1,2-Dichloroethane 0.10 U
78-93-3---------2-Butanone 0.26
71-55-6---------1,1,1-Trichloroethane 0.10 U
56-23-5---------Carbon Tetrachloride 3.2
108-05-4--------Vinyl Acetate 0.20 U
75-27-4---------Bromodichloromethane 0.10 U
78-87-5---------1,2-Dichloropropane -0.10 U
10061-01-5------cis-1,3-Dichloropropene 0.10 U
79-01-6---------Trichloroethene 0.10 U
124-48-1--------Dibromochloromethane 0.10 U
79-00-5---------1,1,2-Trichloroethane 0.10 U
71-43-2---------Benzene 0.10 U
10061-02-6------trans-1,3-Dichloropropene___ 0.10 U
75-25-2---------Bromoform 0.10 U
108-10-1--------4-Methyl-2-pentanone 0.20 U
591-78-6--------2-Hexanone 0.20 U
127-18-4--------Tetrachloroethene 0.10 U
79-34-5---------1,1,2,2-Tetrachloroethane_ 0.10 U
108-88-3--------Toluene 0.10 U

.108-90-7--------Chlorobenzene_. 0.10 U
100-41-4--------Ethylbenzene 0.10 U
100-42-5--------Styrene 0.10 U
133-02-7 Xylene (total). 0.10 - U

FORM I VOA 3/90

F3-26



DOE/RL-91-32
Draft B

1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

aa me: WHC PAL Contract:

ab Code: Case No.:

atrix: (soil/water) WATER

SAS No.:

EPA SAMPLE NO.

171/P4/Q/G

SDG No.:

Lab Sample ID: R9058

ample wt/vol: 0.25 (g/mL) ML Lab File ID:

evel: (low/med) LOW

Moisture: not dec.

C Column: DB-624

oil Extract Volume:

ID: 0.53 (un)

(uL)

Date Received: 04/19/91t1,4

Date Analyzed: 4/19/91 Q4
Dilution Factor: 1.00000

Soil Aliquot Volume: (uL)

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride
75-00-3---------Chloroethane
75-09-2---------Methylene Chloride
67-64-1---------Acetone~_
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene -
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene_(total)
67-66-3---------Chloroform
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene_
10061-02-6 ------ trans-1,3-Dichloropropene
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-A--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane
108-88-3--------Toluene
.108-90-7--------Chlorobenzene_
100-41-4--------Ethylbenzene
100-42-5--------Styrene
133-02-7 Xylene- (total)

FORM I VOA

F3-27

>AD19D

CAS NO. Q

-

0.20
0.20
0.20
0.20
0.10
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.20
0.10
3.9
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.20
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10

3/90



,ab Name: WHC PAL Contract: DOE/RL-91-32 171/P4/R/G
Draft B II

,ab Code: Case No.: SAS No.: SDG No.:

atrix: (soil/water) WATER Lab Sample ID: R9059

ample wt/vol: 0.25 (g/mL) ML Lab File ID: >AD19E

evel: (low/med) LOW Date Received: 04/19/91 1 156 2d ptIq

Moisture: not dec. Date Analyzed: 4/19/91

;C Column: DB-624 ID: 0.53 (mn) Dilution Factor: 1.00000

oil Extract Volume: (uL) Soil Aliquot Volume: (uL)

CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/g) ug/ML AIR Q

74-87-3---------Chloromethane 0.20 U
74-83-9---------Bromomethane 0.20 U
75-01-4---------Vinyl Chloride 0.20 U
75-00-3---------Chloroethane 0.20 U
75-09-2---------Methylene Chloride 0.10 U
67-64-1---------Acetone 0.20 U
75-15-0---------Carbon Disulfa-de_ 0.10 U
75-35-4---------1,1-Dichloroethene 0.10 U
75-34-3---------1,1-Dichloroethane 0.10 U
540-59-0--------1,2-Dichloroethene_(total) _ 0.10 U

- 67-66-3---------Chloroform 0.10 U
107-02-2--------1,2-Dichloroethane 0.10 U
78-93-3---------2-Butanone 0.20 U
71-55-6---------1,1,1-Trichloroethane- 0.10 U
56-23-5---------Carbon Tetrachloride 3.3
108-05-4--------Vinyl Acetate 0.20 U
75-27-4---------Bromodichloromethane 0.10 U
78-87-5---------1,2-Dichloropropane 0.10 U
10061-01-5------cis-1,3-Dichloropropene 0.10 U
79-01-6---------Trichloroethene 0.10 U
124-48-1--------Dibromochloromethane 0.10 U

~ 79-00-5---------1,1,2-Trichloroethane 0.10 U
71-43-2---------Benzene 0.10 U
10061-02-6------trans-1,3-Dichloropropene_ 0.10 U
75-25-2---------Bromoform 0.10 U
108-10-1--------4-Methyl-2-pentanone 0.20 U
591-78-6--------2-Hexanone 0.20 U
127-18-4--------Tetrachloroethene 0.10 U
79-34-5----------1,1,2,2-Tetrachloroethane 0.10 U
108-88-3--------Toluene ~~ 0.10 U
108-90-7--------Chlorobenzene 0.10 U
100-41-4--------Ethylbenzene 0.10 U
100-42-5--------Styrene 0.10 U
133-02-,7 Xylene (total) 0.10 U

FORM I VOA 3/90

F3-28



DOE/RL-91-32
Draft B

AA
VOLATILE ORGANICS ANALYSIS DATA SHEET

L Name: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

171/P4/S/G

SDG No.:

Matrix: (soil/water) WATER Lab Sample ID: R9060

Sample wt/vol: 0.15 (g/mL) ML Lab File ID:

Level: (low/med) LOW

% Moisture: not dec.

Date Received: 04/19/91

Date Analyzed: 4/19/91

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride_
75-00-3---------Chloroethane_
75-09-2---------Methylene Chloride _
67-64-1---------Acetone_~_
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene_,_
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene_(tota_
67-66-3---------Chloroform
107-02-2--------1,2-Dichloroethane

178-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane
10061-01-5-------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane_
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene
10061-02-6------trans-1,3-Dichloropropene
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-3415---------1,1,2,2-Tetrachloroethane___
108-88-3--------Toluene

.108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5--------Styrene
133-02-7 - Xylene (total)

0.33
0.33
0.33
0.33
0.17
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.46
0.17
4.3
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.33
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.17

Q

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

FORM I VOA

>AD19F

CAS NO.

k5&i9

(uL)

C)

ON

F3-29

3/90

U
U
U
U
U
U
U
U
U
U
U
U

U



DOE/RL-91-32
Draft B

1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

ab Name: WHC PAL

Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

171/P4/T/G

SDG No.:

atrix: (soil/water) WATER Lab Sample ID: R9061

ample wt/vol: 0.15 (g/mL) ML Lab File ID: >AD19G y i
'evel: (low/med) LOW

Moisture: not dec.

;C Column: DB-624

;oil Extract Volume:

ID: 0.53 (mm)

(uL)

Date Received: 04/19/91

Date Analyzed: 4/19/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride
75-00-3---------Chloroethane
75-09-2---------Methylene Chloride
67-64-1---------Acetone_~_
75-15-0---------Carbon Disulfide
75-35-4---------1,1-Dichloroethene .
75-34-3---------1,1-Dichloroethane
540-59-0--------1,2-Dichloroethene_(total)__
67-66-3---------chloroform
107-02-2--------1,2-Dichloroethane
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride
108-05-4--------Vinyl Acetate
75-27-4---------Bromodichloromethane_
78-87-5---------1,2-Dichloropropane
10061-01-5------cis-1,3-Dichloropropene
79-01-6---------Trichloroethene
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane_
71-43-2---------Benzene
10061-02-6------trans-1,3-Dichloroprogene_
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-34-&---------1,1,2,2-Tetrachloroethane
108-88-3--------Toluene
108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene
100-42-5-----.---Styrene
133-02-7 Xylen- _(total)

FORM I VOA

F3-30

ab Code:

CAS NO.

(uL)

Q

0.33
0.33
0.33
0.33
0.17
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.43
0.17
4.2
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.33
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.17

U
U
U
U
U
U
U
U
U
U
U
U

U

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

3/90



DOE/RL-91-32
Draft B

lA
VOLATILE ORGANICS ANALYSIS DATA SHEET

Lf ame: WHC PAL Contract:

EPA SAMPLE NO.

171/P4/U/G

Lab Code: Case No.:

Matrix: (soil/water) WATER Lab Sample ID: R9046

Sample wt/vol: 0.15 (g/mL) ML Lab File ID:

Level: (low/med) LOW

% Moisture: not dec.

Date Received: 04/20/91fA Ulab

Date Analyzed: 4/20/91

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

74-87-3---------Chloromethane_
74-83-9---------Bromomethane
75-01-4---------Vinyl Chloride
75-00-3---------Chloroethane_
75-09-2---------Methylene Chloride
67-64-1---------Acetone__ _
75-15-0---------Carbon Disulfide_
75-35-4---------1,1-Dichloroethene_._
75-34-3---------1,1-Dichloroethane_
540-59-0--------1,2-Dichloroethene_(total)
67-66-3---------Chloroform
107-02-2--------1,2-Dichloroethane_
78-93-3---------2-Butanone
71-55-6---------1,1,1-Trichloroethane
56-23-5---------Carbon Tetrachloride_
108-05-4--------Vinyl Acetate_
75-27-4---------Bromodichloromethane
78-87-5---------1,2-Dichloropropane_
10061-01-5------cis-1,3-Dichloropropene_
79-01-6---------Trichloroethene_
124-48-1--------Dibromochloromethane
79-00-5---------1,1,2-Trichloroethane
71-43-2---------Benzene
10061-02-6------trans-1,3-Dithloropropene_
75-25-2---------Bromoform
108-10-1--------4-Methyl-2-pentanone
591-78-6--------2-Hexanone
127-18-4--------Tetrachloroethene
79-34-5---------1,1,2,2-Tetrachloroethane_
108-88-3--------Toluene
.108-90-7--------Chlorobenzene
100-41-4--------Ethylbenzene_
100-42-5--------Styrene
133-b2-7 - Xylene (total)

0.33
0.33
0.33
0.23
0.17
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.40
0.17
6.1
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.33
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.17

Q

FORM I VOA

SAS No.: SDG No.:

>AD20F

CAS NO.

N.

C-'

(uL)

F3-31

3/90

U
U
U
U
U
U
U
U
U
U
U
U

U

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U



DOE/RL-91-32
Draft B

1A
'VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

EPA SAMPLE NO.

171/P4/V/G

SDG No.:

Matrix: (sail/water) WATER

Sample wt/vol: 0.15 (g/ML) ML

Lab Sample ID:

Lab File ID:

R9047

>AD20G G (j14

Level: (low/med) LOW

% Moisture: not dec.

GC Column: DB-624

Soil Extract Volume:

ID: 0.53 (mm)

(uL)

Date Received: 04/20/91

Date Analyzed: 4/20/91

Dilution Factor: 1.00000

Soil Aliquot Volume:

COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/ML AIR

FORM I VOA

F3-32

CAS NO.

(uL)

Q

74-87-3---------Chloromethaneo
74-83-9---------Bromomethane0
75-01-4---------Vinyl Chloride0
75-00-3---------Chloroethane0
75-09-2----------Methylene C'hloride0
67-64-1----------Acetone ~0
75-15-0----------Carbon Disulfide0
75-35-4----------1,1-Dichloroethene0
75-34-3----------1,1-Dichloroethane0
540-59-0---------1,2-Dichloroethene (total)
67-66-3----------Chloroform~~
107-02-2---------1,2-Dichloroethane1
78-93-3----------2-Butanone0
71-55-6----------1,1,1-Trichloroethane0
56-23-5----------Carbon Tetrachloride4
108-05-4---------Vinyl Acetate0
75-27-4----------Bromodichloromethane0
78-87-5----------1,2-Dichloropropane0
10061-01-5------cis-1,3-Dichloropropene0
79-01-6----------Trichloroethene0
124-48-1---------Dibromochloromethane0
79-00-5----------1,1,2-Trichloroethane0
71-43-2----------Benzene0
10061-02-6------trans-1,3-Dichlorupropene_
75-25-2----------Bromoform0
108-10-1---------4-Methyl-2-pentanone0
591-78-6---------2-Hexanone0
127-18-4--------Tetrachloroethene0
79-34-----------1,1,2,2-Tetrachloroethane_ 01
108-88-3---------Toluene0

.108-90-7---------Chlorobenzene0
100-41-4---------Ethylbenzene0
100-42-5-------Styrene0
133-02-7. Xylene (total)

3/90

0.33
0.33
0.33
0.33
0.17
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.33
0.17
4.9
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.33
0.33
0.17
0.17
0.17
0.17
0.17
0.17
0 .17

--

s



DOE/RL-91-32
Draft B

1A EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET

,a~ame: WHC PAL Contract: 171/P4/W/G

,ab Code: Case No.: SAS No.: SDG No.:

atrix: (soil/water) WATER Lab Sample ID: R9048

ample wt/vol: 0.15 (g/mL) ML Lab File ID: >AD20H

4evel: (low/med) LOW Date Received: 04/20/91

Moisture: not dec. Date Analyzed: 4/20/91

;C Column: DB-624 ID: 0.53 (mm) Dilution Factor: 1.00000

Soil Extract Volume: (uL) Soil Aliquot Volume: (uL)

CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) ug/ML AIR Q

74-87-3---------Chloromethane 0.33 U
74-83-9---------Bromomethane 0.33 U
75-01-4---------Vinyl Chloride 0.33 U
75-00-3---------Chloroethane 0.33 U
75-09-2---------MethyleneChloride 0.17 U
67-64-1---------Acetone 0.33 U
75-15-0---------Carbon Disulfide_ 0.17 U
75-35-4---------1,1-Dichloroethene 0.17 U
75-34-3---------1,1-Dichloroethane 0.17 U
540-59-0--------1,2-Dichloroethene_(total) __ 0.17 U
67-66-3---------chloroform 0.17 U

- 107-02-2--------1,2-Dichloroethane 0.17 U
78-93-3---------2-Butanone 0.33 U
71-55-6---------1,1,1-Trichloroethane 0.17 U
56-23-5---------Carbon Tetrachloride 3.9

- 108-05-4--------Vinyl Acetate 0.33 U
75-27-4---------Bromodichloromethane 0.17 U

t' 78-87-5---------1,2-Dichloropropane 0.17 U
10061-01-5-------cis-1,3-Dichloropropene 0.17 U
79-01-6---------Trichloroethene 0.17 U
124-48-1--------Dibromochloromethane 0.17 U
79-00-5---------1,1,2-Trichloroethane 0.17 U
71-43-2---------Benzene 0.17 U
10061-02-6------trans-1,L-Dicloropropene_ 0.17 U
75-25-2---------Bromoform 0.17 U
108-10-1--------4-Methyl-2-pentanone 0.33 U
591-78-6--------2-Hexanone 0.33 U
127-18-4--------Tetrachloroethene 0.17 U
79-34-5---------1,1,2,2-Tetrachloroethane 0.17 U
108-88-3--------Toluene 0.17 U
-108-90-7--------Chlorobenzene 0.17 U
100-41-4--------Ethylbenzene 0.17 U
100-42-5--------Styrene 0.17 U
133-02-7- Xylene (total) 0.17 U

FORM I VOA 3/90

F3-33



DOE/RL-91-32
Draft B

6A
VOLATILE ORGANICS INITIAL CALIBRATION DATA

ab Name: WHC PAL Contract:

ab Code: Case No.: SAS No.: SDG No.:

Enstrument ID: 70 1 Calibration Date(s):04/13/91

leated Purge: (Y/N) N Calibration Times: 1911 2151

;C Column: DB-624 ID: 0.53 (mm)

LAB FILE ID: RRF10 =>AD13G RRF20 =>AD13H
RRF50 =>AD13F RRF100=>AD131 RRF200=>AD13J

COMPOUND RRF10 RRF20 RRF50 RRF100 RRF200 RRF RSD

Chloromethane .751 .743 .691 .692 .780 .731 5.3
Bromomethane * 1.293 1.289 1.209 1.223 1.301 1.263 3.4*

,ryinyl Chloride * .941 .978 .882 .911 1.015 .945 5.6*
Chlortethane .620 .619 .590 .581 .628 .608 3.4

;,ethylene Chloride 1.220 1.191 1.105 1.166 1.196 1.176 3.7
Acetone ~ .248 .231 .248 .219 .461 .281 35.9

,Carbon Disulfide 3.172 3.097 2.934 3.056 3.355 3.123 5.0
1,1-DiEhloroethene * 1.059 1.078 .982 1.020 1.091 1.046 4.3*
1,1-Dichloroethane * 2.334 2.318 2.184 2.289 2.351 2.295 2.9*

1,2-Dichloroethene_(total)! 2.582 2.564 2.413 2.514 2.579 2.531 2.81
Chloroform * 2.993 2.920 2.810 2.848 2.898 2.894 2.4*
1,2-Dichloroethane * 1.922 1.915 1.850 1.877 1.925 1.898 1.7*
2-Butanone _ .852 .580 .484 .441 .627 .597 26.91
1,1,1-Trichloroethane * .637 .628 .625 .611 .621 .624 1.5*
-Carbon Tetrachloride * .587 .608 .601 .594 .615 .601 1.8*

TBromodichloromethane * .805 .817 .817 .797 .797 .807 1.2*
1,2-Dichloropropane I .397 .400 .379 .393 .404 .395 2.51

*cis-1,3-Dichloropropene * .594 .630 .614 .609 .631 .616 2.5*
Trichloroethene * .419 .444 .421 .430 .437 .430 2.4*
-ibromochloromethane * .723 .749 .757 .743 .751 .745 1.8*
1,1,2-Trichloroethane * .369 .369 .350 .364 .372 .365 2.4*

-'Benzene * .842 .857 .821 .831 .850 .840 1.7*
trans-1,3-Dichloropropene * .504 .511 .519 .516 .525 .515 1.5*
Bromoform * .555 .581 .582 .604 .618 .588 4.1*
4-Methyl-2-pentanone .294 .314 .336 .354 .378 .335 9.8|
2-Hexanone .195 .182 .211 .214 .262 .213 14.2
Tetrachloroethene * .513 .543 .498 .534 .529 .523 3.4*
1,1,2,2-Tetrachloroethane * .709 .722 .694 .724 .730 .716 2.0*
Toluene * 1.229 1.242 1.165 1.238 1.246 1.224 2.7*
Chlorobenzene * 1.004 1.035 .962 1.010 1.015 1.005 2.6*
Ethylbenzene * .428 .446 .410 .434 .430 .430 3.0*
Styrene * .866 .891 .855 .889 .903 .881 2.2*
Xylene (total) * 1.167 1.092 1.072 1.089 1.101 1.103 3.4*

Toluene-d8 1.232 1.223 1.207 1.242 1.172 1.215 2.3
Bromofluorobenzene * .858 .857 .832 .822 .789 .831 3.4*

1,2-Dichloroethane-d4 1.668 1.572 1.608 1.595 1.550 1.599 2.81

* Compounds with required minimum REF and maximum %RSD Values.
All other compounds must meet a minimum REF of 0.010.

- FORM VI VOA 3/90

F3-34



DOE/RL-91-32
Draft B

7A
VOLATILE CONTINUING CALIBRATION CHECK

Lj)ame: WHC PAL Contract:

Lab Code: Case No.: 15680 SAS No.: SDG No.:

Instrument ID: 70 1 Calibration Date: 4/14/91 Time: 10:28

Lab File ID: >AD14C Init. Calib. Date(s):02/01/91 02/02/91

Heated Purge: (Y/N) N Init. Calib. Times: 20:34 00:24

GC Column: DB-5 ID: 0.32 (mm)

MIN MAX
COMPOUND RRF RRF50 RRF %D %D

Chloromethane .731 .635 13.2
Bromomethane 1.263 1.216 0.100 3.7 25.0
Vinyl Chloride .945 .848 0.100 10.3 25.0
* Chloroethane .608 .616 1.3
MethyleneChloride 1.176 1.178 .2
Acetone .281 .232 17.8
Carbon Disulfide 3.123 2.996 4.1
1,1-Dichloroethene 1.046 1.040 0.100 .6 25.0
1,1-Dichloroethane 2.295 2.340 0.200 2.0 25.0
1,2-Dichloroethene_(total)_ 0.000 0.000 0.0
Chloroform 2.894 3.015 0.200 4.2 25.0
1,2-Dichloroethane 1.898 1.976 0.100 4.1 25.0
2-Butanone .597 .411 21.0
1,1,1-Trichloroethane .624 .638 0.100 2.1 25.0
Carbon Tetrachloride .601 .603 0.100 .3 25.0
Bromodichloromethane .807 .805 0.200 .3 25.0
.1,2-Dichlioropropane .395 .387 2.0
cis-1,3-Dichloropropene .616 .614 0.200 .3 25.0
-Trichloroethene .430 .438 0.300 1.9 25.0
Dibromochloromethane .745 .737 0.100 1.1 25.0
-1,1,2-Trichloroethane .365 .341 0.100 6.4 25.0
Benzene .840 .838 0.500 .3 25.0

C trans-1,3-Dichloropropene__ .515 .511 0.100 .7 25.0
Bromoform .588 .542 0.100 7.8 25.0
4-Methyl-2-pentanone .335 .318 5.1
2-Hexanone .213 .206 2.9
Tetrachloroethene .523 .511 0.200 2.4 25.0
1,1,2,2-Tetrachloroethanc__ .716 .690 0.500 3.7 25.0
Toluene 1.224 1.221 0.400 .2 25.0
Chlorobenzene 1.005 .980 0.500 2.5 25.0
Ethylbenzene .430 .429 0.100 .1 25.0
Styrene __ .881 .877 0.300 .5 25.0
Xylene_(total) 0.000 0.000 0.300 0.0 25.0

Toluene-d8 1.215 1.197 1.5
Bromofluorobenzene .831 .821 0.200 1.2 25.0
1,2-Dichloroethane-d4 1.599 1.560 2.4

All other compounds must meet a m nimum RRF of 0.010.

FORM VII VOA 3/90

F3-35



DOE/RL-91-32

7A Draft B

'VOLATILE CONTINUING CALIBRATION CHECK

Zab Name: WHC PAL Contract:

ab Code: Case No.: SAS No.: SDG No.:

Instrument ID: 70 1 Calibration Date: 4/16/91 Time: 12:12

Zab File ID: >AD16B Init. Calib. Date(s):04/13/91

eated Purge: (Y/N) N Init. Calib. Times: 1911 2151

3C Column: DB-624 ID: 0.53 (mm)

MIN MAX
COMPOUND RF RRF50 RRF %D %

Chloromethane .731 .404 44.8
Bromomethane 1.263 1.013 0.100 19.8 25.0
Vinyl Chloride . 945 .608 0.100 5.7 .~

N Chloroethane .608 .513 15.5
Methylene_Chloride 1.176 1.159 1.4 bd /t

N. Acetone .281 .245 12.9
Carbon Disulfide 3.123 2.621 16.1
1,1-Dichloroethene 1.046 .983 0.100 6.0 25.0
1,1-Dichloroethane 2.295 2.308 0.200 .5 25.0
1,2-Dichloroethene_(total) 0.000 0.000 0.0
Chloroform 2.894 3.046 0.200 5.3 25.0
1,2-Dichloroethane 1.898 2.042 0.100 7.6 25.0
2-Butanone .597 .477 20.1
1,1,1-Trichloroethane .624 .676 0.100 8.3 25.0
Carbon Tetrachloride .601 .643 0.100 6.9 25.0
BromodEchloromethane - .807 .834 0.200 3.4 25.0
1,2-Dichloropropane .395 .377 4.4
cis-1,3-Dichloropropene .616 .628 0.200 2.1 25.0

- Trichloroethene .430 .449 0.300 4.4 25.0
Dibromochloromethane .745 .769 0.100 3.3 25.0

- 1,1,2-Trichloroethane .365 .360 0.100 1.4 25.0
Benzene .840 .848 0.500 .9 25.0
trans-1,3-Dichloropropene_ .515 .530 0.100 3.0 25.0
Bromoform .588 .572 0.100 2.7 25.0
4-Methyl-2-pentanone .335 .324 3.3
2-Hexanone .213 .213 .2
Tetrachloroethene .523 .531 0.200 1.4 25.0
1,1,2,2-Tetrachloroethane .716 .720 0.500 .5 25.0
Toluene 1.224 1.226 0.400 .1 25.0
Chlorobenzene 1.005 1.023 0.500 1.7 25.0
Ethylbenzene .430 .438 0.100 2.0 25.0
Styrene .881 .893 0.300 1.4 25.0
Xylene_(total) 0.000 0.000 0.300 0.0 25.0

Toluene-dE 1.215 1.221 .5
Bromofluorobenzene .831 .864 0.200 3.9 25.0
1,2-Dichloroethane-d4 1.599 1.718 7.5

All other compounds must meet a minimum RRF of 0.010.

FORM VII VOA 3/90

F3-36



7A

DOE/RL-91-32
Draft B

VQLATILE CONTINUING CALIBRATION CHECK

*a ame: WHC PAL

.ab Code: Case No.:

Contract:

SAS No.:

:nstrument ID: 70 1 Calibration Date: 4/17/91 Time: 14:34

ab File ID: >AD17B

leated Purge: (Y/N) N

;C Column: DB-624

Init. Calib. Date(s):04/13/91

Init. Calib. Times: 1911

ID: 0.53 (mm)

COMPOUND

Chloromethane
Bromomethane
Vinyl Chloride_
,Chloroethane
Methylene_Chloride
Acetone
Carbon Disulfide
1,1-Dichloroethene_
1,1-Dichloroethane_
-1,2-Dichloroethene_(total)_
Chloroform
1,2-Dichloroethane
'-Butanone
1,1,1-Trichloroethane_
,Carbon Tetrachloride
Bromodichloromethane

a1,2-Dichloropropane
cis-1,3-Dichloropropene
.Trichloroethene
Dibromochlorome thane
-1,1,2-Trichloroethane_
Benzene
trans-1,3-Dichloropropene_
Bromoform .
4-Methyl-2-pentanone_
2-Hexanone
Tetrachloroethene
1,1,2,2-Tetrachloroethane_
Toluene
Chlorobenzene
Ethylbenzene .
Styrene
Xylene_(total) .

.731
1.263

.945
.608

1.176
.281

3.123
1.046
2.295
0.000
2.894
1.898

.597

.624

.601

.807

.395

.616

.430

.745

.365

.840

.515

.588

.335

.213

.523

.716
1.224
1.005

.430

.881
0.000

RRF50

.295

.881

.450

.447
1.111

.260
2.286

.869
2.200
0.000
3.006
2.116
.535
.707
.659
.913
.414
.673
.480
.849
.415
.895
.584
.684
.397
.254
.547
.830

1.276
1.083

.451

.952
0.000

MIN
RRF

0.100
0.100

0.100
0.200

0.200
0.100

0.100
0.100
0.200

0.200
0.300
0.100
0.100
0.500
0.100
0.100

0.200
0.500
0.400
0.500
0.100
0.300
0.300

%D

59.7

5.5
7.5

26.8
16.9

4.1
0.0
3.9

11.5
10.4
13.3

9.6
13.2

4.8
9.3

11.7
14.1
13.7

6.5
13.4
16.3
18.3
19.6

4.5
16.0

4.3
7.7
5.0
8.1
0.0

MAX
%D

25.0
25.0

25.0
25.0

25.0
25.0

25.0
25.0
25.0

25.0
25.0
25.0
25.0
25.0
25.0
25.0

25.0
25.0
25.0
25.0
25.0
25.0
25.0

Toluene-d8 1 1.215 1.2641 4.0
Bromofluorobenzene .831 .898 0.200 8.0 25.0
1,2-Dichloroethane-d4 1.599 1.764 10.4

All other compounds must meet a minimum RRF of 0.010.

FORM VII VOA

&y-ccc rhis-f..7

r. I/ I,

3/90

F3-37

SDG No.:

2151

C



7A

DOE/RL-91-32
Draft B

VOLATILE CONTINUING CALIBRATION CHECK

Zab Name: WHC PAL

tab Code: Case No.:

Contract;

SAS No.:

Enstrument ID: 70 1 Calibration Date: 4/18/91 Time: 18:09

tab File ID: >AD18E

{eated Purge: (Y/N) N

3C Column: DB-624

Init. Calib. Date(s):04/13/91

Init. Calib. Times: 1911

ID: 0.53 (mm)

COMPOUND

Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane
Methylene_Chloride
Acetone
Carbon Disulfide
1,1-Dichloroethene_
1,1-Dichloroethane_
1,2-Dichloroethene_(total)
Chloroform ~ _)
1,2-Dichloroethane_
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane_
cis-1,3-Dichloropropene
Trichloroethene ~~
Dibromochloromethane
1,1,2-Trichloroethane
Benzene_
trans-1,3-Dichloropropene__
Bromoform -
4-Methyl-2-pentanone
2-Hexanone
Tetrachloroethene
1,1,2,2-Tetrachloroethane_
Toluene ~~
Chlorobenzene
Ethylbenzene
Styrene __
Xylene_(total)

Toluene-da_
Bromofluorobenzene -
1, 2-Dichloroethane-d4_

All other compounds must me

.731
1.263

.945

.608
1.176

.281
3.123
1.046
2.295
0.000
2.894
1.898

.597

.624

.601

.807

.395

.616

.430

.745

.365

.840

.515

.588

.335

.213

RRF50

.416
1.041

.644

.522
1.214

.247
2.982
1.040
2.479.
0.000
3.261
2.289

.484

.696

.641

.883

.397

.646

.459

.776

.373

.839

.553

.592

.351

.219

MIN
RRF

0.100
0.100

0.100
0.200

0.200
0.100

0.100
0.100
0.200

0.200
0.300
0.100
0.100:
0.500
0.100
0.100

43.2
17.6

G3>
14.2

3.3
12.2

4.5
.6

8.0
0.0

12.7
20.6
18.9
11.5

6.7
9.5
.7

4.9
6.7
4.2
2.2
.2

7.4
.7

4.7
3.0

MAX
%D

25 O
25.0

25.0
25.0

25.0
25.0

25.0
25.0
25.0

25.0
25.0
25.0
25.0
25.0
25.0
25.0

.523 .537 0.200 2.6 25.0

.716 .752 0.500 5.1 25.0
1.224 1.269 0.400 3.7 25.0
1.005 1.002 0.500 .3 25.0
.430 .436 0.100 1.4 25.0
.881 .903 0.300 2.5 25.0

0.000 0.000 0.300 0.0 25.0

1.215 1.214 .1
.831 .845 0.200 1.7 25.0

1.599 1.809 13.2

Bet a m iiiMUm iiRF of 0.010.

FORM VII VOA

F3-38

SDG No.:

2151

twtP$ *%4'1)

27%)

3/90



7A

DOE/RL-91-32
Draft B

'VOLATILE CONTINUING CALIBRATION CHECK

U ame: WHC PAL

Lab Code: Case No.:

Contract:

SAS No.:

Ji$~i &V1~
SDG No.:.

Enstrument ID: 70 1 Calibration Date: 4/19/91 Time: 14:31

Lab File ID: >AD19B

eated Purge: (Y/N)

2C Column:

Init. Calib. Date(s):

Init. Calib. Times:

ID: (mm)

C

C

COMPOUND

Chloromethane
Bromomethane
Vinyl Chloride_
Chloroethane
'MethyleneChloride
Acetone
Carbon Disulfide
1,1-Dichloroethene_
1,1-Dichloroethane_

-1, 2-Dichloroethene_(total) -
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
,Carbon Tetrachloride
BromodIchloromethane
1,2-Dichloropropane
cis-1,3-Dichloropropene
.Trichloroethene
Dibromochloromethane
.1,1,2-Trichloroethane_
Benzene_
trans-1,3-Dichloropropene__
Bromoform
4-Methyl-2-pentanone_
2-Hexanone
Tetrachloroethene
1,1,2,2-Tetrachlnroethane__
Toluene
Chlorobenzene_
Ethylbenzene
Styrene
Xylene_(total)

.731
1.263

.945

.608
1.176

.281
3.123
1.046
2.295
0. 000
2.894
1.898

.597

.624

.601

.807

.395

.616

.430

.745

.365

.840

.515

.588
.335
.213
.523
.716

1.224
1.005

.430

.881
0.000

RRF50

.317
.9371
.541
.481

1.086
.241

2.694
1.006
2.364
0.000
3.0481
2.210

.474

.730
.693
.839
.372
.629
.461
.803
.358
.822
.538
.595
.339
.215
.574
.695

1.220
1.013

.442

.899
0.000

MIN
RRF

0.100
0.100

0.100
0.200

0.200
0.100

0.100
0.100
0.200

0.200
0.300
0.100
0.100'
0.500
0.100
0.100

0.200
0.500
0.400
0.500
0.100
0.300
0.300

%D

56.7

7.6
14.4
13.7

3.8
3.0
0.0
5.3

16.4
20.6
17.0
15.3

4.0
5.9
2.2
7.1
7.8
2.0
2.2
4.4
1.3
1.0
1.3
9.7
3.0
.3
.7

2.8
2.1
0.0

MAX
%D

25.
25.0

25.0
25.0

25.0
25.0

25.0
25.0
25.0

25.0
25.0
25.0
25.0
25.0
25.0
25.0

25.0
25.0
25.0
25.0
25.0
25.0
25.0

Toluene-d8 1.215 1.218 .2
Broinofluorobenzene .831 .901 0.200 8.4 25.0
1,2-Dichloroethane-d4 1.599 1.854 16.0

All other compounds must meet a minlimum RRF of 0.010.

FORM VII VOA 3/90
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7A
'VOLATILE CONTINUING CALIBRATION CHECK

tab Name: WHC PAL Contract:

tab Code: Case No.: SAS No.: SDG No.:

Instrument ID: 70 1 Calibration Date: 4/20/91 Time: 11:13

tab File ID: >AD20B Init. Calib. Date(s):04/13/91

feated Purge: (Y/N) N Init. Calib. Times: 1911 2151

3C Column: DB-624 ID: 0.53 (mm)

MIN MAX
COMPOUND 1RF RRF50 RRF %D %D

Chloromethane .731 .685 6.3
Bromomethane 1.263 1.181 0.100 6.4 25.0
Vinyl Chloride .945 .817 0.100 13.5 25.0

- Chloroethane .608 .580 4.6
MethyleneChloride 1.176 1.116 5.1

r Acetone .281 .335 19.1
Carbon Disulfide 3.123 2.635 15.6
1,1-Dichloroethene 1.046 .938 0.100 10.3 25.0
1,1-Dichloroethane7 2.295 2.224 0.200 3.1 25.0
1,2-Dichloroethene (total) 0.000 0.000 0.0
Chloroform 2.894 2.996 0.200 3.5 25.0
1,2-Dichloroethane 1.898 2.139 0.100 12.7 25.0
2-Butanone .597 .5f0 11.2
1,1,1-Trichloroethane .624 .680 0.100 8.9 25.0
Carbon Tetrachloride .601 .638 0.100 6.2 25.0
BromodTchloromethane .807 .859 0.200 6.5' 25.0
1,2-Dichloropropane .395 .380 3.7
cis-1,3-Dichloropropene .616 .615 0.200 .1 25.0
Trichloroethene_~~~ .430 .473 0.300 9.9 25.0
Dibromochloromethane .745 .814 0.100 9.3 25.0
1,1,2-Trichloroethane .365 .385 0.100 5.4 25.0
Benzene .840 .830 0.500 1.3 25.0
trans-1,3-Dichloropropene_ .515 .538 0.100 4.5 25.0'
Bromoform .588 .639 0.100 8.7 25.0
4-Methyl-2-pentanone .335 .367 9.4
2-Hexanone .213 .225 5.7
Tetrachloroethene .523 .541 0.200 3.4 25.0
1,1,2,2-Tetrachloroethane_ .716 .739 0.500 3.3 25.0
Toluene 1.224 1.198 0.400 2.1 25.0
Chlorobenzene 1.005 1.014 0.500 .8 25.0
Ethylbenzene .430 .426 0.100 1.0 25.0
Styrene .881 .889 0.300 .9 25.0
Xylene_(total) 0.000 0.000 0.300 0.0 25.0

Toluene-d8 1.215 1.190 2.1
Bromofluorobenzene .831 .872 0.200 4.9 25.0
1,2-Dichloroethane-d4 1.599 1.811 13.3

All other compounds must meet a mtnimum RlF of 0.010.

FORM VII VOA 3/90

F3-40
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APPENDIX F4

IDENTIFICATION OF GAMMA RAY-EMITTING NUCLIDES
IN CHARCOAL FILTER
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DOE/RL-91-32
Westinghouse Draft B Internal
Hanford Company Memo
From: Geology Section 81232-91-020
Phone: 6-9534 G6-50
Date: April 29, 1991
Subject: IDENTIFICATION OF GAMMA-RAY-EMITTING NUCLIDES IN CHARCOAL FILTER

USED FOR IRA ACTION, CARBON TETRACHLORIDE VAPOR EXTRACTION.

To: D.G. Horton H4-56

cc: L. C. Brown H4-51
D. A. Dodd T6-50
J. W. Fassett c G6-50
K. R. Fecht H4-56
R. A. Kent RI-01
K. A. Lane R1-01
L. C. Swanson H4-56
R. R. Thompson L4-88
CJK:RKP:JRB:WHU File/LB

Identification of gamma-ray-emitting nuclides in charcoal filter used for IRA
action, carbon tetrachloride vapor extraction.

R. K. Price and R. V. Cram logged RCRA well 299-W18-29 with the RLS HPGe
system on April 16, 1991. At the same time, an HPT detected gamma-ray counts
from an activated charcoal filter that was in use on the interim response
action for carbon tetrachloride vapor extraction at the Z-1A crib. In
response to immediate concerns about the identities of the gamma-ray source
nuclides, messrs. Price and Cram recorded a gamma-ray spectrum with the RLS
logging tool placed near the filter. The spectrum displayed about 40
prominent gamma-ray peaks, all unambiguously indicative of lead-214 and
bismuth-214. No peaks attributable to man-made gamma-ray emitters were
found. These results were informally conveyed to EWM/ENV personnel at the
site. These personnel were relieved to find that the filter had not
accumulated detectable amounts of uranium, thorium, or man-made gamma-ray-
emitting contaminants.

Pb-214 and Bi-214 occur in the uranium-238 decay chain. Since Pb-214 and
Bi-214 have very short half lives (27 min and 20 min, respectively), it is
almost certain that the filter had trapped a mobile nuclide whose decay
products are Pb-214 and Bi-214. The nuclide would be radon-222, an inert gas
with a 3.8-day 11lf life. Rn-222 decays to polonium-218 (3-min half life);
Po-218 decays to Pb-214, which decays to Bi-214.

The short half life of Rn-222 implies that the subsurface around Z-1A
contains a long-lived radionuclide (e.g., uranium-238, and/or its decay
product, radium-226) that acts as a source of Rn-222. Without logs from the
holes around the crib, Geophysics Team members cannot determine whether the
source of Rn-222 is natural uranium or uranium/radium waste from past nuclear
materials processing.

Hanford Operations and Enaineenna Contractor for the US Depnmnent of Energy
F4-1



DOE/RL-91-32
Draft B

0. G. Horton 81232-90-020
Page 2
April 29, 1991

The spectrum did not have a peak associated with the 1001-keV gamma ray of
protactinium-234m. Since Pa-234m is a direct indicator of U-238, uranium
itself did not collect in the filter.

The activities of Bi-214 and Pb-214 in the filter cannot be calculated
because the RLS HPGe system is not calibrated for the filter's source
geometry.

Attached to this memo are: (1) a plot of the spectrum, (2) a plot of the
background spectrum (showing gamma-ray signals from nuclides on the surface
of the ground), and (3) a table of information for the spectral peaks in both
spectra. The table shows gamma-ray energies, peak intensities, and gross
count rates.

R. K. Price C mi Brodeur W. b t
Scientist Scientist Engineer Scientist

dyl

Attachments
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TYPE = -i MCA # 0! SEGMENT # 01 SEQUENCE #
REALTIME = 405.70 SECONDS, LIVETIME =
DATA COLLECTED AT 14:00:13 ON 16-APR-91

A r~~AA flf-
I

0
0
0

\-i

0
I -

0
300.00 SECONDS

0U0.U0 -

RLS High Resolution Gamma-Ray Spectral plot
Charcoal Filter for Carbon-tetrachloride project

1000.00

i00. 00
C) I

10.00
ID. I

1.00N

10.a0

LO Go i1

M'J M .- c

0.00

M C,

10.00 coN

n 0

(7H A TP (HN'

700.0
ENERGY

.400.0

-Ar CHARCOAL FILTER #1. MAX GAMMA ACTIVITY. 16APR91 14:30

0
0

cm
~1 ~
0-tr
e.g

to

U)
N

keV
2a00.0 2800.0

1 3 a 0



y I .' 2- 9

TYPE = , -i MCA V 01 SEGMENT # 01 SEQUENCE # 0
REALTIME = 308.54 SECONDS. LIVETIME 300.00 SECONDS
DATA COLLIECTED AT 08: 27: 00 ON 06-FEB-9S
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RLS High Resolution Gamma-Ray Spectral plot
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Gamma-Ray Peak Identification
.DOE/RL-91-32

Draft B

RLS High Resolution Gamma-Ray spectra file: CCL4FLTR.CHN
Net Peak Area reported by Maestro II
Channel to energy calibration: two points required, 609.3 and 1764.5 Kell
Actual Gamma Peak and Intensity from The Gamma Rays of the Radionuclides

by G. Erdtmann and W. Soyka

Observed
Gamma
Peak
(KeV)
76.9

241.6
258.3
274.2

294.9
351.9
388.3

455.0
487.3
511.2
579.8
609.3
665.5
703.2
719.7
742.5

768.4
785.8

806.2
838.1
934.1
963.8

1052.2
1069.8
1120.3
1133.5
1155.3
1182.4
1207.8
1238.2
1253.7
1281.0
1377.7
1408.0
1509.4
1538.7
1583.2
1661.4
1692.9
1729.6
1764.5
1847.4
1873.5
1936.7
2118.6
2204.0
2293.0
2447.5
2695.3

Net
Peak
Area

(Cnts)
2391

13169
392
533

29454
51785

949

494
979

1155
548

52943
1518
534
503
429

5427
972

1299
504

2953
386
338
203

13772
377

1483
350
517

4958
344

1216
3282
1846
1641

164
597
760
220

2203
11438
1558

123
133
892

3141
218
908
20

Actual
Gamma

Nuclide Peak
(KeV)

Pb-214 77.1
Pb-214 241.9
Pb-214 258.9
Bi-214 273.7
Pb-214 274.5
Pb-214 295.2
Pb-214 352.0
Bi-214 387.0
Bi-214 389.1
Bi-214 454.8
Pb-214 487.3
Bi-214 511.0
Pb-214 580.3
Bi-214 609.3
Bi-214 665.5
Bi-214 703.1
Bi-214 719.9
Bi-214 741.5
Bi-214 742.5
Bi-214 768.4
Bi-214 786.1
Pb-214 786.0
Bi-214 806.2
Pb-214 839.0
Bi-214 934.0
Bi-214 964.1
Bi-214 1052.0
Bi-214 1070.0
Bi-214 1120.3
Bi-214 1133.7
Bi-214 1155.2
Bi-214 1182.1
Bi-214 1207.7
Bi-214 1238.1
Bi-214 1253.5
Bi-214 1281.0
Bi-214 1377.7
Bi-214 14P9.0
Bi-214 1509.2
Bi-214 1538.5
Bi-214 1583.2
Bi-214 1661.3
Bi-214 1693.1
Bi-214 1729.6
Bi-214 1764.5
Bi-214 1847.4
Bi-214 1873.2
Bi-214 1935.8
Bi-214 2118.5
Bi-214 2204.1
Bi-214 2293.4
Bi-214 2447.7
Bi-214 2694.8

Intensity

10.7
7.47
0.55
0.18
0.32
19.20
37.10
0.36
0.41
0.32
0.44
0.15
0.36

46.09
1.56
0.47
0.40

Gross count rate
11,980 cps

0.04
? Double escape 1764.5-1022

4.89
0.31
1.09
1.23
0.59
3.17
0.38
0.32
0.29

15.04
0.25
1.69

? Double escape 2204.1-lb22
0.46
5.92
? Single escape 1764.5-511

1.47
4.02
2.48
2.19
0.41
0.72
1.15
? Single escape 2204.1-511

3.05
15.92
2.12
0.23
0.05
1.21
4.99
0.32
1.55

- 0.03

F4-5
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Table I Cont. Gamma-Ray Peak Identification

RLS High Resolution Gamma-Ray spectra file: A0221BAB.CHN
Net Peak Area reported by Maestro II
Channel to energy calibration: two points required, 661.6 and 1332.5 Kel
Actual Gamma Peak and Intensity from The Gamma Rays of the Radionuclides

by G. Erdtmann and W. Soyka

Observed Net Actual
Gamma Peak Gamma
Peak Area Nuclide Peak Intensity
(KeV) (Cnts) (KeV) (%)

238.4 86 Pb-214 241.9 7.5
351.3 65 Pb-214 352.0 37.1
582.8 57 T1-208 583.1 86.0
609.6 54 Bi-214 609.3 46.1
661.2 30 Cs-137 661.6 84.6
727.1 24 Bi-212 727.2 11.8
911.0 20 Ac-228 911.1 29.0

1460.5 189 K-40 1460.8 10.7
2614.5 34 TI-208 2614.5 100.0

Grosscaunt rate: 81 cps

Gamma,- y emitting isotopes for the three natural radionuclides are present.

..tural Radioelement Decay Chain Daughters detected

Uranium Bi-214, Pb-214

Thorium Ac-228, Bi-212, T1-208

Potasstum K-40

Only one gamma emitting man-made radionuclide detected on the surface,

Cesium-137

F4-6


